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ACTINIC RAY-SENSITIVE OR
RADIATION-SENSITIVE RESIN
COMPOSITION, AND, ACTINIC

RAY-SENSITIVE OR RADIATION-SENSITIVE
FILM AND PATTERN FORMING METHOD,
EACH USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation of PCT International
Application No. PCT/JP2012/084249 filed on Dec. 18, 2012,
which claims priority under 35 U.S.C. §119(a) to Japanese
Patent Application No. 2011-288314 filed on Dec. 28, 2011
and Japanese Patent Application No. 2012-250461 filed on
Nov. 14, 2012. Each of the above application(s) is hereby
expressly incorporated by reference, in its entirety, into the
present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an actinic ray-sensitive or
radiation-sensitive resin composition, and, an actinic ray-
sensitive or radiation-sensitive film and a pattern forming
method, each using the same. Specifically, the present inven-
tion relates to an actinic ray-sensitive or radiation-sensitive
resin composition which is suitable for use in an ultramicroli-
thography process applicable to a process for manufacturing
a super-LSI or a high-capacity microchip, a process for fab-
ricating a nanoimprint mold, a process for producing a high-
density information recording medium, and the like, and
other photofabrication processes, and, an actinic ray-sensi-
tive or radiation-sensitive film and a pattern forming method,
each using the same.

2. Description of the Related Art

In the production process for semiconductor devices such
as ICs and LSIs, it is a practice in the related art to perform
microfabrication by lithography using a photoresist compo-
sition. Recently, the formation of an ultrafine pattern in the
submicron region or quarter-micron region has been
demanded in accordance with the realization of high integra-
tion for integrated circuits. Accordingly, the trend of exposure
wavelength toward a short wavelength, for example, from g
rays to i rays, and further to KrF excimer laser light has been
seen. At present, an exposure device using an ArF excimer
laser having a wavelength of 193 nm has been developed.
Further, a so-called immersion method has been developed, in
which the space between a projection lens and a sample is
filled with a liquid having a high refractive index (hereinafter
referred to also as a “liquid for immersion liquid”). Further-
more, lithography using an electron beam, X rays, EUV, or
the like in addition to excimer laser has been also developed.
Thus, a chemical amplification type resist composition hav-
ing excellent resolution in effective response to various types
of radiation has been developed (see, for example, JP2003-
43677A, JP2001-166476A, and JTP2001-215689A).

Electron beam lithography has been recognized as a pat-
tern forming technique of the next generation or the genera-
tion after the next, and a resist having high sensitivity as well
as high resolution has been demanded. However, various
types of difficulty are caused during practical use in an
ultrafine region with a size of 0.25 um or less, and thus, there
is room for further improvement of a pattern profile and a
depth of focus (DOF).

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an actinic
ray-sensitive or radiation-sensitive resin composition, which
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is excellent in sensitivity, resolution, a pattern profile and a
depth of focus (DOF), an actinic ray-sensitive or radiation-
sensitive film using the same, and a pattern forming method.

In one embodiment, the present invention is as follows.

[1] An actinic ray-sensitive or radiation-sensitive resin
composition including: a nitrogen-containing compound, and
aresin (Ab) capable of varying a polarity thereof by the action
of an acid, wherein the nitrogen-containing compound is a
compound having at least one amino group formed by bond-
ing one or two hydrogen atoms to a nitrogen atom, and at least
one hydrogen atom of the one or two hydrogen atoms is
substituted by an —S—R; group(s) or an —S(O)R; group(s)
(wherein R represents a substituent).

[2] An actinic ray-sensitive or radiation-sensitive resin
composition including: a nitrogen-containing compound, and
aresin (Ab) capable of varying an alkali solubility thereof by
the action of an acid, wherein the nitrogen-containing com-
pound is a compound having at least one amino group formed
by bonding one or two hydrogen atoms to a nitrogen atom,
and at least one hydrogen atom of the one or two hydrogen
atoms is substituted by an —S—R; group(s) or an —S(O)R,
group(s) (Wherein R, represents a substituent).

[3] The composition as described in [1] or [2], wherein the
nitrogen-containing compound is represented by either the
general formula (N1) or (N2).

[Chem. 1]
(N1
Ry
\
/N—S—R3
Ry
N2)
R,k @
vl
/N—S—R3
Ry

In the general formulae (N1) and (N2),

R, and R, each independently represent a hydrogen atom
or a substituent, provided that a case where R, and R, are
hydrogen atoms at the same time is excluded. Further, R, and
R, may be bonded to each other to form a ring together with
a nitrogen atom in the formula.

R, represents a substituent.

[4] The composition as described in [3], wherein R, and R,
in the general formula (N1) and (N2) are bonded to each other
to form a ring together with a nitrogen atom in the formula.

[5] The composition as described in any one of [1] to [4],
wherein the substituent represented by R is a group contain-
ing an acid-decomposable group.

[6] The composition as described in any one of [1] to [5],
further including a compound capable of generating an acid
by irradiation with actinic rays or radiation.

[7] The composition as described in any one of [1] to [6],
wherein the resin (Ab) contains a repeating unit (B) including
a structural portion capable of generating an acid by irradia-
tion with actinic rays or radiation.

[8] The composition as described in any one of [1] to [7],
further including a resin (Aa) containing at least any one of
fluorine atoms and silicon atoms.

[9] The composition as described in any one of [1] to [8],
wherein the resin (Ab) contains at least one kind of repeating
unit represented by the general formula (A)
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[Chem. 2]

A)
—¢CH,—CHy—

7
Som— |
X

(O

In the general formula (A),

nrepresents an integer of 1 to 5 and m represents an integer
of 0 to 4, satisfying the relationship of 1=m+n=<5

S, represents a substituent. In the case where m is 2 or
more, a plurality of S,’s may be the same as or different from
each other.

[10] The composition as described in [ 9], wherein the resin
(Ab) at least contains a repeating unit represented by the
following formula as the repeating unit represented by the
general formula (A).

[Chem. 3]
—¢CH,—CH—

OH

[11] The composition as described in any one of [ 1] to [10],
wherein the resin (Ab) contains at least one kind of the repeat-
ing units represented by the general formulae (A1) and (A2).

[Chem. 2]

(AD)
—CH,—CHy—

(A2)

—('CHz—Tﬁ—

CO,—A;

In the general formula (A1),

nrepresents an integer of 1 to 5 and m represents an integer
of 0 to 4, satisfying the relationship of 1=m+n=5.

S, represents a substituent, and in the case where m is 2 or
more, a plurality of S,’s may be the same as or different from
each other.

A, represents a hydrogen atom or a group capable of leav-
ing by the action of an acid. However, at least one A, repre-
sents a group capable of leaving by the action of anacid. In the
case of n=2, a plurality of A, ’s may be the same as or different
from each other.

In the general formula (A2),

X represents a hydrogen atom, an alkyl group, a hydroxyl
group, an alkoxy group, a halogen atom, a cyano group, a
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nitro group, an acyl group, an acyloxy group, a cycloalkyl
group, acycloalkyloxy group, an aryl group, a carboxy group,
an alkyloxycarbonyl group, an alkylcarbonyloxy group, or an
aralkyl group.

A, represents a group capable of leaving by the action of an
acid.

[12] The composition as described in any one of [1] to [11],
wherein the weight average molecular weight of the resin
(Ab) is in a range of 1,000 to 200,000.

[13] The composition as described in any one of [1] to [11],
wherein the weight average molecular weight of the resin
(Ab) is in a range of 1,000 to 100,000.

[14] The composition as described in any one of [1] to [11],
wherein the weight average molecular weight of the resin
(Ab) is in a range of 1,000 to 50,000.

[15] The composition as described in any one of [1] to [11],
wherein the weight average molecular weight of the resin
(Ab) is in a range of 1,000 to 25,000.

[16] The composition as described in any one of [1] to [ 15],
further including a basic compound (excluding a nitrogen-
containing compound).

[17] The composition as described in [16], wherein the
basic compound is a compound having a functional group
with proton accepting properties, and generating a compound
capable of decomposing under irradiation with actinic rays or
radiation to decrease or lose the proton accepting properties
orto be converted from proton accepting properties to acidity.

[18] The composition as described in any one of [1] to [17],
further including a surfactant.

[19] The composition as described in any one of [1] to [ 18],
further including a solvent.

[20] The composition as described in [19], wherein the
solvent contains propylene glycol monomethyl ether acetate.

[21] The composition as described in [20], wherein the
solvent further contains propylene glycol monomethyl ether.

[22] The composition as described in any one of [1] to [21],
which is used for EUV exposure.

[23] The composition as described in any one of [1] to [21],
which is used for KrF excimer laser, electron beam, or X ray
exposure.

[24] An actinic ray-sensitive or radiation-sensitive film
formed using the composition as described in any one of [1]
to [23].

[25] A pattern forming method including a step of forming
a film using the composition as described in any one of [1] to
[23]; a step of exposing the formed film; and a step of devel-
oping the exposed film.

[26] The pattern forming method as described in [25],
wherein exposure is carried out using EUV.

[27] A semiconductor device produced by performing the
steps including the pattern forming method as described in
[25] or [26].

Effects of the Invention

By the present invention, it is possible to provide an actinic
ray-sensitive or radiation-sensitive resin composition, which
is excellent in sensitivity, resolution, and DOF, and is capable
of forming a pattern having a good profile, actinic ray-sensi-
tive or radiation-sensitive film using the same, and a pattern
forming method.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinbelow, the present invention will be described in
detail.



US 9,188,862 B2

5

Further, when a group and an atomic group are described
without specifying whether substituted or unsubstituted, a
group includes both a group and an atomic group, each having
no substituent, and a group and an atomic group, each having
a substituent. For example, the “alkyl group” which is
described without specifying whether substituted or unsub-
stituted includes not only an alkyl group having no substituent
(unsubstituted alkyl group) but also an alkyl group having a
substituent (substituted alkyl group).

In addition, the “actinic rays” or “radiation” as used herein
refers to, for example, a bright line spectrum of a mercury
lamp, far ultraviolet rays typified by an excimer laser,
extreme-ultraviolet (EUV) rays, X rays, or an electron beam
(EB). Further, the “light” in the present invention means
actinic rays or radiation.

Furthermore, unless otherwise specifically indicated, the
“exposure” as used herein includes not only exposure to a
mercury lamp, far ultraviolet rays typified by an excimer
laser, X rays, EUV light, or the like, but also lithography with
a particle beam such as an electron beam and an ion beam.

The actinic ray-sensitive or radiation-sensitive resin com-
position according to the present invention includes (1) a
nitrogen-containing compound and (2) a resin (Ab) capable
of varying an alkali solubility thereof by the action of an acid
as essential components. Hereinafter, the respective compo-
nents will be described.

(1) Nitrogen-Containing Compound

The composition according to the present invention con-
tains a nitrogen-containing compound. The nitrogen-contain-
ing compound is a compound having at least one amino group
formed by bonding one or two hydrogen atoms to a nitrogen
atom (which may be hereinafter referred to an “amino com-
pound (a)” in some cases), and at least one hydrogen atom of
the one or two hydrogen atoms is substituted by an —S—R,
group(s) or an —S(O)R; group(s) (wherein R, represents a
substituent) (which may be hereinafter referred to “the nitro-
gen-containing compound of the present invention”, or the
like). Here, the substituent represented by R, has the same
definition as the substituent as R; in the general formulae
(N1) and (N2) as described later.

Since this nitrogen-containing compound of the present
invention has lower basicity than common basic compounds,
the uniformity in component distribution in the film in the
steps of coating and film formation is improved. Further, the
N—S bonds are cleaved by an acid generated from an acid
generator during exposure and a part or all of the basic com-
pound of the present invention changes into a compound with
high basicity (for example, a compound having a structure
represented by the general formula (NO) as described later),
and performs functions of inhibition of acid diffusion or the
like. Therefore, it is thought that by incorporating the nitro-
gen-containing compound into the composition of the present
invention, the pattern profile becomes rectangular, thereby
leading to improvement of sensitivity and resolution.

In the nitrogen-containing compound of the present inven-
tion, in the case where the amino compound (a) has two or
more amino groups and two or more —S—R, groups or
—S(0)R,; groups, each of the —S—R; groups or the —S(O)
R; groups may be bonded to the same or different nitrogen
atoms.

The nitrogen-containing compound of the present inven-
tion is represented by, for example, either the following gen-
eral formula (N1) or (N2) In one embodiment, the composi-
tion according to the present invention more preferably
contains a nitrogen-containing compound represented by the
general formula (N1).

10

25

40

45

55

6
[Chem. 5]
(N1
R,
N—S—R;
W
N2)
R, O
vl
N—S—R;
Y

In the general formulae (N1) and (N2),

R, and R, each independently represent a hydrogen atom
or a substituent, provided that a case where R, and R, are
hydrogen atoms at the same time is excluded. Further, R | and
R, may be bonded to each other to form a ring.

R; represents a substituent.

Further, the nitrogen-containing compound may be a com-
pound having a plurality of structures represented by the
general formula (N1) or (N2). For example, the compound
may be a compound having a structure where at least one of
R, to R, in the compound represented by the general formula
(N1)isbondedto atleast one of R, to R; in another compound
represented by the general formula (N1) through a single
bond or a divalent connecting group.

Examples of the substituents represented by R;, R, and R,
include an alkyl group, a cycloalkyl group, an alkoxy group,
an acyl group, an acyloxy group, a halogen atom, a cyano
group, a silicon atom-containing organic group, an aryl
group, an aryloxy group, an aralkyl group, an aralkyloxy
group, ahydroxy group, a nitro group, a sulfonylamino group,
an alkylthio group, an arylthio group, and an aralkylthio
group.

As the alkyl group represented by R,, R, and R;, for
example, an alkyl group having 1 to 20 carbon atoms is
preferred, and specific examples thereof include a methyl
group, an ethyl group, a propyl group, an isopropyl group, an
n-butyl group, an isobutyl group, a t-butyl group, a pentyl
group, and a hexyl group. The alkyl group may contain an
oxygen atom or a sulfur atom in the alkyl chain. Further, the
alkyl group may further contain a substituent. Examples of
the preferred substituent which the alkyl group may further
contain include a halogen atom, an alkoxy group, a cycloalkyl
group, a hydroxyl group, a nitro group, an alkoxycarbonyl
group, an acyl group, an acyloxy group, an acylamino group,
a sulfonylamino group, an alkylthio group, an arylthio group,
an aralkylthio group, a thiophenecarbonyloxy group, a
thiophenemethylcarbonyloxy group, and heterocyclic resi-
dues such as a pyrrolidone residue, and preferably substitu-
ents having 12 or less carbon atoms.

As the cycloalkyl group represented by R,, R,, and R, for
example, a cycloalkyl group having 3 to 10 carbon atoms is
preferred, and specific examples thereof include a cyclobutyl
group, a cyclopentyl group, a cyclohexyl group, a norbornyl
group, and an adamantyl group. The cycloalkyl group may
further contain a substituent. Examples of the preferred sub-
stituent which the cycloalkyl group may further contain
include an alkyl group, in addition to the substituents which
the alkyl groups as R;, R, and R; as described above may
have.

As the alkoxy group represented by R, R, and R;, for
example, an alkoxy group having 1 to 10 carbon atoms is
preferred, and specific examples thereof include a methoxy
group, an ethoxy group, a propoxy group, and a butoxy group.
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The alkoxy group may further contain a substituent and
examples of the substituent include the substituents which the
alkyl group as R, R, and R; as described above may have.

As the acyl group represented by R;, R, and R;, for
example, an acyl group having 2 to 10 carbon atoms is pre-
ferred, and specific examples thereof include an acetyl group,
a propionyl group, a butyryl group, and an isobutyryl group.
The acyl group may further contain a substituent and
examples of the substituent include the substituents which the
alkyl group as R, R, and R; as described above may have.

As the acyloxy group represented by R;, R, and R;, for
example, an acyloxy group having 2 to 10 carbon atoms is
preferred. Examples of the acyl group in the acyloxy group
include the same specific examples of the acyl group as
described above, and examples of the substituents which the
acyloxy group may have are also the same.

As the aryl group represented by R, R, and R;, for
example, an aryl group having 6 to 10 carbon atoms is pre-
ferred, and specific examples thereof include a phenyl group,
a xylyl group, a tolyl group, a cumenyl group, a naphthyl
group, and an anthracenyl group. The aryl group may further
contain a substituent and examples of the substituent include
the same groups as the substituents which the alkyl group or
cycloalkyl group as R, R, and R; as described above may
have.

As the aryloxy group and the arylthio group represented by
R,, R, and R, for example, an aryloxy group and an arylthio
group having 2 to 10 carbon atoms are preferred. Examples of
the aryl group in the aryloxy group and the arylthio group
include the same specific examples of the aryl group as
described above, and examples of the substituents which the
aryloxy group and the arylthio group may have are also the
same.

As the aralkyl group represented by R, R, and R;, for
example, an aralkyl group having 7 to 15 carbon atoms is
preferred, and specific examples thereof include a benzyl
group. This group may further contain a substituent and
examples of the substituent include the same groups as the
substituents which the alkyl group or cycloalkyl group as R,
R, and R, as described above may have.

As the aralkyloxy group and the aralkylthio group repre-
sented by R, R, and R;, for example, an aralkyloxy group
and an aralkylthio group, each having 7 to 15 carbon atoms,
are preferable. Examples of the aralkyl group in the aralky-
loxy group and the aralkylthio group include the same spe-
cific examples of the aralkyl group as described above, and
examples of the substituents which the aralkyl group may
have are also the same.

As the alkylthio group represented by R,, R, and R;, for
example, those having 1 to 10 carbon atoms are preferred.
Examples ofthe alkyl group in the alkylthio group include the
same specific examples of the alkyl group as described above,
and examples of the substituents which the alkylthio group
may have are also the same.

In one embodiment of the present invention, the nitrogen-
containing compound preferably contains a hydroxyl group
and/or —(C,H,)O— in any one of R;, R, and R; of the
general formula (N1) or (N2), and more preferably contains a
hydroxyl group and/or —(C,H,)O—in at least one of R, and
R,.

Furthermore, in another embodiment of the present inven-
tion, for the nitrogen-containing compound, R of the general
formula (N1) or (N2) is preferably an alkyl group or an aryl
group.

In addition, in still another embodiment of the present
invention, for the nitrogen-containing compound, R of the
general formula (N1) or (N2) is preferably a group containing
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an acid-decomposable group. Here, the acid-decomposable
group has the same definition as the acid-decomposable
group which the resin (Ab) may have as described later, and
includes the same specific examples.

Furthermore, in still another embodiment of the present
invention, for the nitrogen-containing compound, R, and R,
of'the general formula (N1) or (N2) are preferably bonded to
each other to form a ring together with a nitrogen atom in the
formula. The nitrogen-containing heterocycle formed by
R,—N—R, may further contain nitrogen atoms or oxygen
atoms, in addition to the nitrogen atoms in the formula. The
nitrogen-containing heterocycle formed by R,—N—R, is
preferably a nitrogen-containing aromatic heterocycle, more
preferably imidazoline or imidazole, and particularly prefer-
ably imidazole.

The nitrogen-containing compound of the present inven-
tion, containing the compound represented by the general
formula (N1) or (N2), is a compound having at least one
amino group formed by bonding one or two hydrogen atoms
to a nitrogen atom, and at least one hydrogen atom of the one
ortwo hydrogen atoms is substituted by an —S—R; group(s)
or an —S(O)R; group(s), as described above.

Here, the “amino group” includes an amino group bonded
to a carbonyl group or a sulfonyl group, but in one embodi-
ment of the present invention, the amino group is preferably
not bonded to a carbonyl group or a sulfonyl group.

The amino compound (a) preferably has one or more struc-
tures represented by, for example, the following general for-
mula (NO).

[Chem. 6]
: (NO)
R,
N—H
R

(R, and R, in the formula have the same definitions as R,
and R, in the general formula (N1) and (N2)).

Examples of the amino compound (a) having one or more
structures represented by the general formula (NO) include a
compound having one structure represented by the general
formula (NO) and having an amino group not bonded to a
carbonyl group or a sulfonyl group (hereinafter referred to as
an “amino compound (al)”), a compound having two struc-
tures represented by the general formula (NO) and having an
amino group not bonded to a carbonyl group or a sulfonyl
group (hereinafter referred to as an “amino compound (a2)”),
a compound having three structures represented by the gen-
eral formula (NO) and having an amino group not bonded to a
carbonyl group or a sulfonyl group (hereinafter referred to as
an “amino compound (a3)”), an amide group-containing
compound, and a urea compound. Here, embodiments of the
amino compound (a2) include a compound having a structure
in which at least one of R, and R; in the amino group repre-
sented by the general formula (NO) is bonded to at least one of
R, and R; in the alkyl group represented by the general for-
mula (NO) through a single bond or a polyvalent connecting
group, and a compound in which a heterocycle having an
N—H bond has an amino group as a substituent (adenine and
the like).

In the present invention, it is preferable that at least one
kind of the amino compound (al), the amino compound (a2),
and the amino compound (a3) be used, it is more preferred
that at least one kind of the amino compound (al) and the
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amino compound (a2) be used, and it is particularly prefer-
able that at least one kind of the amino compound (al) be
used.

Examples of the amino compound (al) include monoalky-
lamines such as n-hexylamine, n-heptylamine, n-octylamine,
n-nonylamine, n-decylamine, and cyclohexylamine; dialky-
lamines such as di-n-butylamine, di-n-pentylamine, di-n-
hexylamine, di-n-heptylamine, di-n-octylamine, di-n-nony-
lamine, di-n-decylamine, cyclohexylmethylamine, and
dicyclohexylamine; aromatic amines such as aniline, N-me-
thylaniline, 2-methylaniline, 3-methylaniline, 4-methyla-
niline, 4-nitroaniline, diphenylamine, 1-naphthylamine,
2-(4-aminophenyl)-2-(3-hydroxyphenyl)propane, and 2-(4-
aminophenyl)-2-(4-hydroxyphenyl)propane; alkanolamines
such as ethanolamine and diethanolamine; and 1-adamanty-
lamine and N-methyl-1-adamantylamine, and further
examples of the nitrogen-containing heterocycle include imi-
dazoles such as imidazole, benzimidazole, 2-methylimida-
zole, 4-methylimidazole, 2-phenylimidazole, 4-phenylimi-
dazole, 2-phenyl-4-methylimidazole, 2-methyl-4-
phenylimidazole, 2-methylbenzimidazole, and
2-phenylbenzimidazole, indole, pyrrole, pyrazole, guanine,
purine, pyrrolidine, piperidine, morpholine, and piperazine.

Examples of the amino compound (a2) include ethylene-
diamine, tetramethylenediamine, hexamethylenediamine,
1,7-diaminoheptane, 1,8-diaminooctane, 1,9-diaminon-
onane, 1,10-diaminodecane, 1,12-diaminododecane, 4,4'-di-
aminodiphenylmethane, 4,4'-diaminodiphenyl ether, 4,4'-di-
aminobenzophenone, 2,2-bis(4-aminophenyl)propane, 2-(3-
aminophenyl)-2-(4-aminophenyl)propane, 1,4-bis[1-(4-
aminophenyl)-1-methylethyl|benzene, 1,3-bis[1-(4-
aminophenyl)-1-methylethyl|benzene, and adenine.
Examples of the amino compound (a3) include polymers
such as 4.,4'-diaminodiphenylamine, polyallylamine, and
polymetharylamine.

Examples of the amide group-containing compound
include formamide, N-methylformamide, acetamide, N-me-
thylacetamide, propionamide, benzamide, pyrrolidone, and
N-methylbenzenesulfonamide. Examples of the urea com-
pound include urea, methylurea, 1,1-dimethylurea, 1,3-dim-
ethylurea, 1,3-diphenylurea, and tri-n-butylthiourea.

Specific examples of the amino compound (a) and specific
examples of the sulfur atom-containing protective group (an
—S—R, group or an —S(O)R; group) are shown below.

(Examples of Amino Compound (a))

[Chem. 7]
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Specific examples of the nitrogen-containing compound of
the present invention are shown below, but the present inven-

tion is not limited thereto.

[Chem. 10]
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The molecular weight of the nitrogen-containing com-
pound is preferably 2,000 or less, more preferably 1,000 or
less, still more preferably 750 or less, and most preferably 500
or less.

The nitrogen-containing compound as described above
may be used alone or in combination of two or more kinds
thereof.

The content of the nitrogen-containing compound of the
present invention is preferably 0.001 to 20% by mass, more
preferably 0.001 to 10% by mass, and particularly preferably
0.01 to 5% by mass, based on the total solid contents of the
composition.

The method for preparing the nitrogen-containing com-
pound of the present invention is not particularly limited, and
can be appropriately chosen according to a desired com-
pound. However, examples thereofinclude a method in which
a nitrogen-containing compound having an N—H bond is
reacted with a sulfanyl halide (a compound having an
—S—X group (wherein X is a halogen atom)) or a sulfinyl
halide (a compound having an —S(—0)—X group (wherein
X is a halogen atom)) under a basic condition to incorporate
N—S and N—SO bonds.

(2) Resin (Ab) Capable of Varying A Polarity Thereof by
Action of Acid

The composition according to the present invention con-
tains a resin (Ab) capable of varying a polarity thereof by the
action of an acid.

The resin (Ab) is a resin capable of varying a polarity
thereof by the action of an acid, and specifically, has an
increased solubility in an alkali developer or a decreased
solubility in a developer having an organic solvent as a main
component, by the action of an acid.

The resin (Ab) preferably has a repeating unit having an
acid-decomposable group

Examples of the acid-decomposable group include groups
in which a hydrogen atom of an alkali-soluble group is pro-
tected with a group capable of leaving by the action ofan acid,
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such as a carboxyl group, a phenolic hydroxyl group, a sul-
fonic acid group, and a thiol group.

Examples of the group capable of leaving by the action of
an acid include —C(R;6)(R37)(R;5), —C(R36)(R37)(OR30),
—C(—0)—O0—CR; )R3)Rss). —C(Ro)(Roa)ORs),
and —C(R))(Ro2)—C(—0)—O0—C(R;36)(R37)(R35)-

Inthe formulae, R to R, each independently represent an
alkyl group, a cycloalkyl group, an aryl group, an aralkyl
group, or an alkenyl group. R, and R;, may be bonded to
each other to form a ring. R,; to R, each independently
represent a hydrogen atom, an alkyl group, a cycloalkyl
group, an aryl group, an aralkyl group, or an alkenyl group.

In one embodiment, the resin (Ab) preferably contains a
repeating unit represented by the following general formula
(AJ) as a repeating unit having an acid-decomposable group.

[Chem. 14]
(AD
T
)\ I
o} o Rxy
Rx3

In the general formula (AI),

Xa, represents a hydrogen atom, a methyl group which
may have a substituent, or a group represented by —CH,—
R,. R, represents a hydroxyl group or a monovalent organic
group. Examples of the monovalent organic group include an
alkyl group having 5 or less carbon atoms and an acyl group
having 5 or less carbon atoms. Among these, an alkyl group
having 3 orless carbon atoms is preferred, and a methyl group
is more preferred. Xa, is preferably a hydrogen atom, a
methyl group, a trifluoromethyl group, or a hydroxymethyl
group.

T represents a single bond or a divalent connecting group.

Rx, to Rx; each independently represent an alkyl group
(linear or branched) or a cycloalkyl group (monocyclic or
polycyclic).

At least two members out of Rx; to Rx; may be bonded to
each other to form a cycloalkyl group (monocyclic or poly-
cyclic).

Examples of the divalent connecting group of T include an
alkylene group, a—COO-Rt- group, and a —O-Rt- group. In
the formulae, Rt represents an alkylene group or a cycloalky-
lene group.

T is preferably a single bond or a —COO-Rt- group. Rt is
preferably an alkylene group having 1 to 5 carbon atoms, and
more preferably a—CH,— group, a—(CH,),— group, ora
—(CH,);— group.

The alkyl group of Rx, to Rx, is preferably an alkyl group
having 1 to 4 carbon atoms, such as a methyl group, an ethyl
group, an n-propyl group, an isopropyl group, an n-butyl
group, an isobutyl group, and a t-butyl group.

The cycloalkyl group of R, to R 5 is preferably a mono-
cyclic cycloalkyl group such as a cyclopentyl group and a
cyclohexyl group, or a polycyclic cycloalkyl group such as a
norbornyl group, a tetracyclodecanyl group, a tetracy-
clododecanyl group, and an adamantyl group.

The cycloalkyl group formed by the bonding of at least two
members out of R,; to R is preferably a monocyclic
cycloalkyl group such as a cyclopentyl group and a cyclo-
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hexyl group, or a polycyclic cycloalkyl group such as a nor-
bornyl group, a tetracyclodecanyl group, a tetracyclododeca-
nyl group, and an adamantyl group.

An embodiment where R is a methyl group or an ethyl
group, and R, and R_; are bonded to each other to form the
above-described cycloalkyl group is preferable.

The respective groups above may have a substituent, and
examples of the substituent include an alkyl group (having 1
to 4 carbon atoms), a halogen atom, a hydroxyl group, an
alkoxy group (having 1 to 4 carbon atoms), a carboxyl group
and an alkoxycarbony! group (having 2 to 6 carbon atoms),
and the number of carbon atoms is preferably 8 or less.

In another embodiment, the resin (Ab) preferably contains
at least one kind of repeating units represented by the follow-
ing general formulae (A1) and (A2).

[Chem. 15]

(A1)
—CH,—CH¥

(A2)

—€CH,—Cy—

CO,—A,

In the general formula (A1),

n represents an integer of 1 to 5 and m represents an integer
of 0 to 4, satisfying the relationship of 1=m+n=5.

S, represents a substituent (except for a hydrogen atom),
and in the case where m is 2 or more, a plurality of S,’s may
be the same as or different from each other.

A, represents a hydrogen atom or a group capable of leav-
ing by the action of an acid, provided that at least one A,
represents a group capable of leaving by the action of an acid.
In the case of n=2, a plurality of A,’s may be the same as or
different from each other.

In the general formula (A2),

X represents a hydrogen atom, an alkyl group, a hydroxyl
group, an alkoxy group, a halogen atom, a cyano group, a
nitro group, an acyl group, an acyloxy group, a cycloalkyl
group, acycloalkyloxy group, an aryl group, a carboxy group,
an alkyloxycarbonyl group, an alkylcarbonyloxy group, or an
aralkyl group.

A, represents a group capable of leaving by the action of an
acid

First, the repeating unit represented by the general formula
(A1) will be described.

n represents an integer of 1 to 5, as described above, pref-
erably 1 or 2, and particularly preferably 1.

m represents an integer of 0 to 4, satisfying the relationship
of 1=m=S5, as described above, preferably 0 to 2, more pref-
erably O or 1, and particularly preferably O.

S, represents a substituent (except for a hydrogen atom), as
described above. Examples of the substituent include the
same substituents as described with respect to S, in the gen-
eral formula (A) as described later.

A, represents a hydrogen atom or a group capable of leav-
ing by the action of an acid, as described above, and at least
one of A, is a group capable of leaving by the action of an
acid.
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Examples of the group capable of leaving by the action of
an acid include tertiary alkyl groups such as a t-butyl group
and a t-amyl group, a t-butoxycarbonyl group, a t-butoxycar-
bonylmethyl group, and an acetal group represented by for-
mula —C(L, )(L,)-O—Z,.

Hereinbelow, the acetal group represented by formula
—C(L)(L,)-O—Z, will be described. In the formula, ., and
L, each independently represent a hydrogen atom, an alkyl
group, a cycloalkyl group, or an aralkyl group. Z, represents
an alkyl group, a cycloalkyl group, or an aralkyl group. Fur-
ther, Z, and L, may be bonded to each other to form a 5- or
6-membered ring.

The alkyl group may be a linear alkyl group or a branched
alkyl group.

As the linear alkyl group, one having 1 to 30 carbon atoms
is preferred, and one having 1 to 20 carbon atoms is more
preferred. Examples of the linear alkyl group include a
methyl group, an ethyl group, an n-propyl group, an n-butyl
group, a sec-butyl group, a t-butyl group, an n-pentyl group,
an n-hexyl group, an n-heptyl group, an n-octyl group, an
n-nonyl group, and an n-decanyl group.

As the branched alkyl group, one having 3 to 30 carbon
atoms is preferred, and one having 3 to 20 carbon atoms is
more preferred. Examples of the branched alkyl group
include an i-propyl group, an i-butyl group, a t-butyl group, an
i-pentyl group, a t-pentyl group, an i-hexyl group, at hexyl
group, an i-heptyl group, a t-heptyl group, an i-octyl group, a
t-octyl group, an i-nonyl group, and a t-decanoyl group.

These alkyl groups may further have a substituent.
Examples of the substituent include a hydroxyl group; halo-
gen atoms such as fluorine, chlorine, bromine and iodine
atoms; a nitro group; a cyano group; an amide group; a sul-
fonamide group; alkyl groups such as a methyl group, an ethyl
group, a propyl group, an isopropyl group, an n-butyl group,
a sec-butyl group, a hexyl group, a 2-ethylhexyl group, an
octyl group, and a dodecyl group; alkoxy groups such as a
methoxy group, an ethoxy group, a hydroxyethoxy group, a
propoxy group, a hydroxypropoxy group and a butoxy group;
alkoxycarbonyl groups such as a methoxycarbonyl group and
an ethoxycarbonyl group; acyl groups such as a formy1 group,
an acetyl group, and a benzoyl group; acyloxy groups such as
an acetoxy group and a butyryloxy group, and a carboxy
group.

As the alkyl group, an ethyl group, an isopropyl group, an
isobutyl group, a cyclohexylethyl group, a phenylmethyl
group, or a phenylethyl group is particularly preferable.

The cycloalkyl group may be monocyclic or polycyclic,
and in the case where the cycloalkyl group is polycyclic, it
may be a crosslinked cycloalkyl group. That is, in this case,
the cycloalkyl group may have a bridged structure. Further,
parts of carbon atoms in the cycloalkyl group may be substi-
tuted with heteroatoms such as an oxygen atom.

The monocyclic cycloalkyl group is preferably a
cycloalkyl group having 3 to 8 carbon atoms. Examples of the
cycloalkyl group include a cyclopropyl group, a cyclopentyl
group, a cyclohexyl group, a cyclobutyl group, and a cyclooc-
tyl group.

Examples of the polycyclic cycloalkyl group include
groups having a bicyclo structure, a tricyclo structure, or a
tetracyclo structure. As the polycyclic cycloalkyl group, one
having 6 to 20 carbon atoms is preferable. Examples of such
cycloalkyl group include an adamantyl group, a norbornyl
group, an isobornyl group, a camphanyl group, a dicyclopen-
tyl group, an a-pinanyl group, a tricyclodecanyl group, a
tetracyclododecyl group, and an androstanyl group.
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Examples of the aralkyl group in L,, L, and Z, include
those having 7to 15 carbon atoms, such as a benzyl group and
a phenethyl group.

These aralkyl groups may further have a substituent. Pre-
ferred examples of the substituent include an alkoxy group, a
hydroxyl group, a halogen atom, a nitro group, an acyl group,
an acylamino group, a sulfonylamino group, an alkylthio
group, an arylthio group and an aralkylthio group. Examples
of the aralkyl group having a substituent include an alkoxy-
benzyl group, a hydroxybenzyl group and a phenylthiophen-
ethyl group. Further, the number of carbon atoms of the
substituent which the aralkyl group may have is preferably 12
or less.

Examples of the 5- or 6-membered ring in which Z, and L,
are bonded to each other include a tetrahydropyran ring and a
tetrahydrofuran ring. Among these, a tetrahydropyran ring is
particularly preferred.

7, is preferably a linear or branched alkyl group. Through
this, the effect of the present invention becomes more appar-
ent.

Specific examples of the repeating unit represented by the
general formula (A1) are shown below, but the present inven-
tion is not limited thereto.

[Chem. 16]
—CH,—CH—
OYO\/
—CH,—CH—
—CH,—CH—
—CH,—CH—
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—CH,—CH—
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OCH,CO,C(CHz);

—CH,—CH—

—CH,—CH—
OCH; ocH,
O\(Ov OCOOC(CHL);
[Chem. 17]
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Next, the repeating unit represented by the general formula
(A2) will be described.

X represents a hydrogen atom, an alkyl group, a hydroxyl
group, an alkoxy group, a halogen atom, a cyano group, a
nitro group, an acyl group, an acyloxy group, a cycloalkyl
group, acycloalkyloxy group, an aryl group, a carboxy group,
an alkyloxycarbonyl group, an alkylcarbonyloxy group, or an
aralkyl group, as described above.

The alkyl group as X may have a substituent and may be
either linear or branched. The linear alkyl group is preferably
an alkyl group having 1 to 30 carbon atoms, more preferably
1 to 20 carbon atoms, and examples thereof include a methyl
group, an ethyl group, an n-propyl group, an n-butyl group, a
sec-butyl group, a t-butyl group, an n-pentyl group, an
n-hexyl group, an n-heptyl group, an n-octyl group, an
n-nonyl group, and an n-decanyl group. The branched alkyl
group is preferably an alkyl group having 3 to 30 carbon
atoms, and more preferably an alkyl group having 3 to 20
carbon atoms, and examples thereof include an i-propyl
group, an i-butyl group, a t-butyl group, an i-pentyl group, a
t-pentyl group, an i-hexyl group, a t-hexyl group, an i-heptyl
group, a t-heptyl group, an i-octyl group, a t-octyl group, an
i-nonyl group, and a t-decanoyl group.

The alkoxy group as X may have a substituent, and it is, for
example, an alkoxy group having 1 to 8 carbon atoms,
examples of which include a methoxy group, an ethoxy
group, a propoxy group, a butoxy group, a pentyloxy group,
a hexyloxy group, and a cyclohexyloxy group.

Examples of the halogen atom as X include a fluorine atom,
a chlorine atom, a bromine atom and an iodine atom, and a
fluorine atom is preferable.

The acyl group as X may have a substituent, and it is, for
example, an acyl group having 2 to 8 carbon atoms, specific
examples of which preferably include a formyl group, an
acetyl group, a propanoyl group, a butanoyl group, a pivaloyl
group and a benzoyl group.

The acyloxy group as X may have a substituent, and it is,
for example, an acyloxy groups having 2 to 8 carbon atoms,
examples of which include an acetoxy group, a propionyloxy
group, a butylyloxy group, a valeryloxy group, a pivaloyloxy
group, a hexanoyloxy group, an octanoyloxy group, and a
benzoyloxy group.

The cycloalkyl group as X may have a substituent and may
be monocyclic or polycyclic, and in the case of polycyclic, the
cycloalkyl group may be a crosslinked cycloalkyl group. That
is, in this case, the cycloalkyl group may have a bridged
structure. The monocyclic cycloalkyl group is preferably a
cycloalkyl group having 3 to 8 carbon atoms, and examples
thereof include a cyclopropyl group, a cyclopentyl group, a
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cyclohexyl group, a cyclobutyl group, and a cyclooctyl group.
The polycyclic cycloalkyl group includes a group having a
bicyclo structure, a tricyclo structure, a tetracyclo structure,
and the like and having 5 or more carbon atoms, and a
cycloalkyl group having 6 to 20 carbon atoms is preferable.
Examples thereof include an adamantyl group, a norbornyl
group, an isobornyl group, a camphanyl group, a dicyclopen-
tyl group, an a-pinanyl group, a tricyclodecanyl group, a
tetracyclododecyl group, and an androstanyl group. Further, a
part of carbon atoms in the cycloalkyl group may be substi-
tuted with a heteroatom such as an oxygen atom.

The aryl group as X may have a substituent, and is prefer-
ably an aryl group having 6 to 14 carbon atoms. Examples
thereofinclude a phenyl group, a xylyl group, a tolyl group, a
cumenyl group, a naphthyl group, and an anthracenyl group.

The alkyloxycarbonyl group as X may have a substituent,
and is preferably an alkyloxycarbonyl group having 2 to 8
carbon atoms. Examples thereof include a methoxycarbonyl
group, an ethoxycarbonyl group, and a propoxycarbonyl
group.

The alkylcarbonyloxy group as X may have a substituent,
and is preferably an alkylcarbonyloxy group having 2 to 8
carbon atoms. Examples thereof include a methylcarbony-
loxy group and an ethylcarbonyloxy group.

The aralkyl group as X may have a substituent, and is
preferably an aralkyl group having 7 to 16 carbon atoms.
Examples thereof include a benzyl group.

Examples of the substituent which the alkyl group, the
alkoxy group, the acyl group, the cycloalkyl group, the aryl
group, the alkyloxycarbonyl group, the alkylcarbonyloxy
group, or the aralkyl group as X may further have include a
hydroxyl group, a fluorine atom, a chlorine atom, a bromine
atom, an iodine atom, an alkyl group, a hydroxyl group, an
alkoxy group, a halogen atom, a cyano group, a nitro group,
an acyl group, an acyloxy group, a cycloalkyl group, an aryl
group, a carboxyl group, an alkyloxycarbonyl group, an alky-
Icarbonyloxy group, and an aralkyl group.

A, represents a group capable of leaving by the action of an
acid, as described above. That is, the repeating unit repre-
sented by the general formula (A2) is provided with a group
represented by “—COOA,,” as the acid-decomposable group.
Examples of A, include the same groups as described with
respect to A, in the general formula (A1) above.

A, is preferably a hydrocarbon group (preferably having
20 or less carbon atoms, and more preferably having 4 to 12
carbon atoms), and more preferably a t-butyl group, a t-amyl
group, or a hydrocarbon group having an alicyclic structure
(for example, an alicyclic group itself, and a group having the
alkyl group substituted with an alicyclic group).

A, is preferably a tertiary alkyl group or a tertiary
cycloalkyl group.

The alicyclic structure may be monocyclic or polycyclic,
and specific examples thereof include groups having a mono-
cyclo structure, a bicyclo structure, a tricyclo structure, and a
tetracyclo structure, each having 5 or more carbon atoms. The
number of carbon atoms is preferably 6 to 30, and particularly
preferably 7 to 25. The hydrocarbon group having the alicy-
clic structure may have a substituent.

Examples of the alicyclic structure are shown below.

[Chem. 18]
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(50)

In the present invention, among these alicyclic structures,
preferred examples of the groups, as denoted in terms of the
monovalent alicyclic group, include an adamantyl group, a
noradamantyl group, a decalin residue, a tricyclodecanyl
group, a tetracyclododecanyl group, a norbornyl group, a
cedrol group, a cyclohexyl group, a cycloheptyl group, a
cyclooctyl group, a cyclodecanyl group and a cyclododecanyl
group, and more preferred examples thereof include an ada-
mantyl group, a decalin residue, a norbornyl group, a cedrol
group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl
group, a cyclodecanyl group and a cyclododecanyl group.

Examples of the substituent which the alicyclic ring in
these structures may have include an alkyl group, a halogen
atom, a hydroxyl group, an alkoxy group, a carboxyl group,
and an alkoxycarbonyl group. The alkyl group is preferably a
lower alkyl group such as a methyl group, an ethyl group, a
propyl group, an isopropy! group and a butyl group, and more
preferably a methyl group, an ethyl group, a propyl group or
an isopropyl group. The alkoxy group includes an alkoxy
group having 1 to 4 carbon atoms, such as a methoxy group,
an ethoxy group, a propoxy group and a butoxy group. The
alkyl group and the alkoxy group each may further have a
substituent, and examples of the substituent which the alkyl
group and alkoxy group may further have include a hydroxyl
group, a halogen atom and an alkoxy group.

The acid-decomposable group having an alicyclic struc-
ture is preferably a group represented by any one of the
following formulae (pl) to (pV):

[Chem. 20]
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—C—CH—C—Ry,
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In the general formulae (pI) to (pV),

R, represents a methyl group, an ethyl group, an n-propyl
group, an isopropyl group, an n-butyl group, an isobutyl
group or a sec-butyl group, and Z represents an atomic group
necessary for forming an alicyclic hydrocarbon group
together with the carbon atom.

R;, to R, each independently represent a linear or
branched alkyl group having 1 to 4 carbon atoms or an alicy-
clic hydrocarbon group, provided that at least one of R, to
R, ,oreither one of R, s and R | ; represents an alicyclic hydro-
carbon group.

R,, to R,, each independently represent a hydrogen atom,
alinear or branched alkyl group having 1 to 4 carbon atoms or
an alicyclic hydrocarbon group, provided that at least one of
R,,toR,, represents an alicyclic hydrocarbon group. Further,
either one of R | 5 and R, represents a linear or branched alkyl
group having 1 to 4 carbon atoms or an alicyclic hydrocarbon
group.

R,, to R,5 each independently represent a hydrogen atom,
alinear or branched alkyl group having 1 to 4 carbon atoms or
an alicyclic hydrocarbon group, provided that at least one of
R,,to R,5 represents an alicyclic hydrocarbon group. Further,
R,; and R,, may be bonded to each other to form a ring.

In the general formulae (pI) to (pV), the alkyl group of R, ,
to R, is a linear or branched alkyl group having from 1 to 4
carbon atoms, which may be substituted or unsubstituted, and
examples of the alkyl group include a methyl group, an ethyl
group, an n-propyl group, an isopropyl group, an n-butyl
group, an isobutyl group, a sec-butyl group and a t-butyl
group.

Furthermore, examples of the substituent which the alkyl
group may further have include an alkoxy group having 1 to
4 carbon atoms, a halogen atom (a fluorine atom, a chlorine
atom, a bromine atom, and an iodine atom), an acyl group, an
acyloxy group, a cyano group, a hydroxyl group, a carboxy
group, an alkoxycarbonyl group and a nitro group.

Examples of the alicyclic hydrocarbon groupinR | ; to R4
and the alicyclic hydrocarbon group formed by Z together
with the carbon atom include the same groups mentioned
above as the alicyclic structure.

In one embodiment, the repeating unit represented by the
general formula (A2) is preferably a repeating unit repre-
sented by the following formula.

[Chem. 21]
CH;
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Furthermore, in another embodiment, the repeating unit
represented by the general formula (A2) is preferably a
repeating unit represented by the general formula (A3) shown
below:
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[Chem. 22]

(A3)

—eCHz—Ta— H
CO,—C—AR

Rn

In the general formula (A3),

AR represents an aryl group.

Rn represents an alkyl group, a cycloalkyl group, or an aryl
group. Rn and AR may be bonded to each other to form a
non-aromatic ring.

R represents a hydrogen atom, an alkyl group, a cycloalkyl
group, a halogen atom, a cyano group, or an alkyloxycarbonyl
group.

The repeating unit represented by the general formula (A3)
will be described in detail.

AR represents an aryl group as described above. As the aryl
group of AR, those having 6 to 20 carbon atoms, such as a
phenyl group, a naphthyl group, an anthryl group, or a fluo-
rene group are preferred, and those having 6 to 15 carbon
atoms are more preferred.

Inthe case where AR is a naphthyl group, an anthryl group,
or a fluorene group, the bonding site between AR and the
carbon atom to which Rn is bonded is not particularly limited.
For example, when AR is a naphthyl group, the carbon atom
may be bonded to the a-position or the f-position of the
naphthyl group, or when AR is an anthryl group, the carbon
atom may be bonded to the 1-position, the 2-position or the
9-position of the anthryl group.

The aryl group as AR each may have one or more substitu-
ents. Specific examples of the substituent include a linear or
branched alky group having 1 to 20 carbon atoms, such as a
methyl group, an ethyl group, a propyl group, an isopropyl
group, an n-butyl group, an isobutyl group, a t-butyl group, a
pentyl group, a hexyl group, an octyl group, and a dodecyl
group, an alkoxy group containing such an alkyl group moi-
ety, a cycloalkyl group such as cyclopentyl group and cyclo-
hexyl group, a cycloalkoxy group containing such a
cycloalkyl group moiety, a hydroxyl group, a halogen atom,
an aryl group, a cyano group, a nitro group, an acyl group, an
acyloxy group, an acylamino group, a sulfonylamino group,
an alkylthio group, an arylthio group, an aralkylthio group, a
thiophenecarbonyloxy group, a thiophenemethylcarbony-
loxy group, and a heterocyclic residue such as a pyrrolidone
residue. The substituent is preferably a linear or branched
alkyl group having 1 to 5 carbon atoms or an alkoxy group
containing such an alkyl group moiety, and more preferably a
paramethyl group or a paramethoxy group.

In the case where the aryl group as AR has a plurality of
substituents, at least two members out of the plurality of
substituents may be bonded to each other to form a ring. The
ring is preferably a 5- to 8-membered ring, more preferably a
5- or 6-membered ring. The ring may be also a heterocycle
containing a heteroatom such as an oxygen atom, a nitrogen
atom and a sulfur atom in the ring members.

Furthermore, this ring may have a substituent. Examples of
the substituent are the same as those described later for the
further substituent which Rn may have.

Moreover, in view of the roughness performance, the
repeating unit represented by the general formula (A3) pref-
erably contains two or more aromatic rings. Usually, the
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number of aromatic rings contained in the repeating unit is
preferably 5 or less, and more preferably 3 or less.

In addition, in view of the roughness performance, in the
repeating unit represented by the general formula (A3), AR
preferably contains two or more aromatic rings, and AR is
more preferably a naphthyl group or a biphenyl group. Usu-
ally, the number of the aromatic rings contained in AR is
preferably 5 or less, and more preferably 3 or less.

As described above, Rn represents an alkyl group, a
cycloalkyl group or an aryl group.

The alkyl group of Rn may be a linear alkyl group or a
branched alkyl group. The alkyl group is preferably an alkyl
group having 1 to 20 carbon atoms, such as a methyl group, an
ethyl group, a propyl group, an isopropyl group, an n-butyl
group, an isobutyl group, a t-butyl group, a pentyl group, a
hexyl group, a cyclohexyl group, an octyl group, and a dode-
cyl group. The alkyl group of Rn is preferably an alkyl group
having 1 to 5 carbon atoms, and more preferably an alkyl
group having 1 to 3 carbon atoms.

Examples of the cycloalkyl group of Rn include a
cycloalkyl group having 3 to 15 carbon atoms, such as a
cyclopentyl group and a cyclohexyl group.

The aryl group of Rn is preferably, for example, an aryl
group having 6 to 14 carbon atoms, such as a phenyl group, a
xylyl group, a tolyl group, a cumenyl group, a naphthyl group
and an anthryl group.

Each of the alkyl group, the cycloalkyl group, and the aryl
group as Rn may further have a substituent. Examples of the
substituent include an alkoxy group, a hydroxyl group, a
halogen atom, a nitro group, an acyl group, an acyloxy group,
an acylamino group, a sulfonylamino group, dialkylamino
group, an alkylthio group, an arylthio group, an aralkylthio
group, a thiophenecarbonyloxy group, a thiophenemethylcar-
bonyloxy group, and heterocyclic residues such as a pyrroli-
done residue. Among these, an alkoxy group, a hydroxyl
group, a halogen atom, a nitro group, an acyl group, an acy-
loxy group, an acylamino group, and a sulfonylamino group
are particularly preferred.

As described above, R represents a hydrogen atom, an
alkyl group, a cycloalkyl group, a halogen atom, a cyano
group or an alkyloxycarbonyl group.

Examples of the alkyl group and the cycloalkyl group of R
are the same as those described above for Rn. Each of these
alkyl groups and cycloalkyl groups may have a substituent.
Examples of this substituent are the same as those described
above for Rn.

In the case where R is an alkyl group or a cycloalkyl group
having a substituent, particularly preferred examples of R
include a trifluoromethyl group, an alkyloxycarbonyl methyl
group, an alkylcarbonyloxymethyl group, a hydroxymethyl
group and an alkoxymethyl group.

The halogen atom of R includes a fluorine atom, a chlorine
atom, a bromine atom and an iodine atom, and among these,
the fluorine atom is particularly preferable.

As the alkyl group moiety contained in the alkyloxycarbo-
nyl group of R, for example, the configuration described
above as the alkyl group of R may be employed.

Rn and AR are preferably bonded to each other to form a
non-aromatic ring and in this case, particularly the roughness
performance can be more improved.

The non-aromatic ring which may be formed by the mutual
bonding of Rn and AR is preferably a 5- to 8-membered ring,
and more preferably a 5- or 6-membered ring.

The non-aromatic ring may be an aliphatic ring or a het-
erocycle containing a heteroatom such as an oxygen atom, a
nitrogen atom and a sulfur atom, as a ring member.
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The non-aromatic ring may have a substituent. Examples
of the substituent are the same as those described above with
respect to the further substituent which Rn may have.

Specific examples of the monomer corresponding to the
repeating unit represented by the general formula (A2) and
specific examples of the repeating units are illustrated below,
but the present invention is not limited thereto.
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Specific examples of the repeating unit represented by the
general formula (A3) are illustrated below, but the present
40 1nvention is not limited thereto.
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In one embodiment, the repeating unit represented by the
general formula (A2) is preferably a repeating unit of t-butyl
methacrylate or ethylcyclopentyl methacrylate.

The monomer corresponding to the repeating unit repre-
sented by the general formula (A2) can be synthesized by
esterifying a (meth)acrylic acid chloride and an alcohol com-
pound in a solvent such as THF, acetone, and methylene
chloride, in the presence of a basic catalyst such as triethy-
lamine, pyridine and DBU. A commercially available product
may also be used.
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The resin (Ab) may further contain a repeating unit repre-
sented by the following general formula (AS).

[Chem. 38]
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In the formula (AS),

X represents a hydrogen atom, an alkyl group, a hydroxyl
group, an alkoxy group, a halogen atom, a cyano group, a
nitro group, an acyl group, an acyloxy group, a cycloalkyl
group, an aryl group, a carboxyl group, an alkyloxycarbonyl
group, an alkylcarbonyloxy group, or an aralkyl group, which
is the same as X in the general formula (A2b).

A, represents a hydrocarbon group incapable of leaving by
the action of an acid.

In the general formula (AS5), examples of the hydrocarbon
group incapable of leaving by the action of an acid of A,
include hydrocarbon groups other than the above-described
acid-decomposable groups, for example, an alkyl group not
leaving by the action of an acid (preferably having 1 to 15
carbon atoms), a cycloalkyl group incapable of leaving by the
action of an acid (preferably having 3 to 15 carbon atoms),
and an aryl group incapable of leaving by the action of an acid
(preferably having 6 to 15 carbon atoms).

The hydrocarbon group incapable of leaving by the action
of an acid of A, may be further substituted with a hydroxyl
group, an alkyl group, a cycloalkyl group, an aryl group, or
the like.

It is also preferable for the resin (Ab) to further have a
repeating unit represented by the general formula (A6).

[Chem. 39]
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In the general formula (A6),

R, represents a hydrogen atom, a methyl group, a cyano
group, a halogen atom, or a perfluoro group having 1 to 4
carbon atoms.

R, represents a hydrogen atom, an alkyl group, a cycloalkyl
group, a halogen atom, an aryl group, an alkoxy group, or an
acyl group.

q represents an integer of 0 to 4.

Ar represents a (q+2)-valent aromatic ring.

W represents a group incapable of decomposing by the
action of an acid, or a hydrogen atom.

The aromatic ring represented by Ar is preferably a ben-
zene ring, a naphthalene ring, or an anthracene ring, and more
preferably a benzene ring.

W represents a group incapable of decomposing under the
action of an acid (also referred to as an “acid-stable group™),
examples thereof include groups other than the above-de-
scribed acid-decomposable groups, and specific examples
thereof include a halogen atom, an alkyl group, a cycloalkyl
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group, an alkenyl group, an aryl group, an acyl group, an
alkylamide group, an arylamidomethyl group, and an aryla-
mide group. The acid-stable group is preferably an acyl group
or an alkylamide group, more preferably an acyl group, an
alkylcarbonyloxy group, an alkyloxy group, a cycloalkyloxy
group, or an aryloxy group.

In the acid-stable group of W, the alkyl group is preferably
one having 1 to 4 carbon atoms, such as a methyl group, an
ethyl group, a propyl group, an n-butyl group, a sec-butyl
group, and a t-butyl group; the cycloalkyl group is preferably
one having 3 to 10 carbon atoms, such as a cyclopropyl group,
a cyclobutyl group, a cyclohexyl group, and an adamantyl
group; the alkenyl group is preferably one having 2 to 4
carbon atoms, such as a vinyl group, a propenyl group, an
allyl group, and a butenyl group; the alkenyl group is prefer-
ably one having 2 to 4 carbon atoms, such as a vinyl group, a
propenyl group, an allyl group, and a butenyl group; and the
aryl group is preferably one having 6 to 14 carbon atoms, such
as a phenyl group, a xylyl group, a tolyl group, a cumenyl
group, a naphthyl group, and an anthracenyl group. W may be
at any position of the benzene ring, but is preferably at the
meta- or para-position of the styrene skeleton, and particu-
larly preferably at the para position. arylamidemethyl Spe-
cific examples of the repeating unit represented by the general
formula (A 6) are shown below, but the present invention is not
limited thereto.

[Chem. 40]
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It is also preferable that the resin (Ab) further have a
repeating unit including a (meth)acrylic acid derivative inca-
pable of decomposing by the action of an acid. Specific
examples thereof are shown below, but the present invention

is not limited thereto.

CH;

a4
CO,CH;
CH,

a4

CO,CH,CH;
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The content of the repeating units having the acid-decom-
posable groups in the resin (Ab) is preferably from 5 to 95%
by mole, more preferably from 10 to 60% by mole, and
particularly preferably 15 to 50% by mole, based on all the
repeating units.

The content of repeating unit represented by the general
formula (A1) in the resin (Ab) is preferably from 0 to 90% by
mole, more preferably from 10 to 70% by mole, and particu-
larly preferably from 20 to 50% by mole, based on all the
repeating units.

The content of repeating unit represented by the general
formula (A2) in the resin (Ab) is preferably from 0 to 90% by
mole, more preferably from 5 to 75% by mole, and particu-
larly preferably from 10 to 60% by mole, based on all the
repeating units.

The content of repeating unit represented by the general
formula (A3) in the resin (Ab) is preferably from 0 to 90% by
mole, more preferably from 5 to 75% by mole, and particu-
larly preferably from 10 to 60% by mole, based on all the
repeating units.

The content of repeating unit represented by the general
formula (AS5) in the resin (Ab) is preferably from 0 to 50% by
mole, more preferably from 0 to 40% by mole, and particu-
larly preferably from 0 to 30% by mole, based on all the
repeating units.

The resin (Ab) may further contain a repeating unit repre-
sented by the following general formula (A6), which is pref-
erable from the viewpoints of enhancing the film quality and
suppressing the film loss in the unexposed area. The content
of repeating unit represented by the general formula (A6) in
the resin (Ab) is preferably from 0 to 50% by mole, more
preferably from 0 to 40% by mole, and particularly preferably
from O to 30% by mole, based on all the repeating units.

Furthermore, the resin (Ab) may be copolymerized with
other appropriate polymerizable monomers to incorporate an
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alkali-soluble group, for example, a phenolic hydroxyl group
or a carboxyl group for the purpose of maintaining good
developability with an alkali developer, or may be copoly-
merized with other appropriate hydrophobic polymerizable
monomers such as alkyl acrylate and alkyl methacrylate for
the purpose of enhancing the film quality.

The monomer corresponding to the repeating unit repre-
sented by the general formula (A2) can be synthesized by
esterifying a (meth)acrylic acid chloride and an alcohol com-
pound in a solvent such as THF, acetone, and methylene
chloride, in the presence of a basic catalyst such as triethy-
lamine, pyridine, and DBU. Further, a commercially avail-
able product may also be used.

The monomer corresponding to the repeating unit repre-
sented by the general formula (A1) may be synthesized by
acetalizing a hydroxy-substituted styrene monomer and a
vinyl ether compound in a solvent such as THF and methylene
chloride, in the presence of an acidic catalyst such as p-tolu-
enesulfonic acid and pyridine p-toluenesulfonate, or by
effecting t-Boc protection using t-butyl dicarboxylate in the
presence of a basic catalyst such as triethylamine, pyridine
and DBU. A commercially available product may also be
used.

In one embodiment, the resin (Ab) preferably contains a
repeating unit represented by the following general formula
A).

[Chem. 44]

A)
—CH,—CH3—

=
S|
X

(OHn

Here, n represents an integer of 1 to 5 and m represents an
integer of 0 to 4, satisfying the relationship of 1=m+n=<5.nis
preferably 1 or 2, and more preferably 1. m is preferably 0 to
2, more preferably 0 or 1, and particularly preferably 0.

S, represents a substituent. In the case where m is 2 or
more, a plurality of S, ’s may be the same as or different from
each other.

Examples of the substituent represented by S, include an
alkyl group, an alkoxy group, an acyl group, an acyloxy
group, an aryl group, an aryloxy group, an aralkyl group, an
aralkyloxy group, a hydroxy group, a halogen atom, a cyano
group, a nitro group, a sulfonylamino group, an alkylthio
group, an arylthio group, and an aralkylthio group.

For example, the alkyl group or the cycloalkyl group is
preferably a linear or branched alkyl group or a cycloalkyl
group, each having 1 to 20 carbon atoms, such as a methyl
group, an ethyl group, a propyl group, an isopropyl group, an
n-butyl group, an isobutyl group, a t-butyl group, a pentyl
group, a cyclopentyl group, a hexyl group, a cyclohexyl
group, an octyl group, and a dodecyl group. These groups
may further have a substituent.

Preferred examples of the substituent which these groups
each may further have include an alkyl group, an alkoxy
group, a hydroxyl group, a halogen atom, a nitro group, an
acyl group, an acyloxy group, an acylamino group, a sulfo-
nylamino group, an alkylthio group, an arylthio group, an
aralkylthio group, a thiophenecarbonyloxy group, a
thiophenemethylcarbonyloxy group, and heterocyclic resi-
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dues such as a pyrrolidone residue. The substituent is prefer-
ably a substituent having 12 or less carbon atoms.

Examples of the alkyl group having a substituent include a
cyclohexylethyl group, an alkylcarbonyloxymethyl group, an
alkylcarbonyloxyethyl group, a cycloalkylcarbonyloxym-
ethyl group, a cycloalkylcarbonyloxyethyl group, an arylcar-
bonyloxyethyl group, an aralkylcarbonyloxyethyl group, an
alkyloxymethyl group, a cycloalkyloxymethyl group, an ary-
loxymethyl group, an aralkyloxymethyl group, an alkyloxy-
ethyl group, a cycloalkyloxyethyl group, an aryloxyethyl
group, an aralkyloxyethyl group, an alkylthiomethyl group, a
cycloalkylthiomethyl group, an arylthiomethyl group, an
aralkylthiomethyl group, an alkylthioethyl group, a
cycloalkylthioethyl group, an arylthioethyl group, and an
aralkylthioethyl group.

The alkyl group or the cycloalkyl group in these groups is
not particularly limited, and may further have the above-
described substituent such as an alkyl group, a cycloalkyl
group, and an alkoxy group.

Examples of the alkylcarbonyloxyethyl group and the
cycloalkylcarbonyloxyethyl group include a cyclohexylcar-
bonyloxyethyl group, a t-butylcyclohexylcarbonyloxyethyl
group, and an n-butylcyclohexylcarbonyloxyethyl group.

The aryl group is also not particularly limited, but gener-
ally includes an aryl group having 6 to 14 carbon atoms, such
as a phenyl group, a xylyl group, a tolyl group, a cumenyl
group, a naphthyl group, and an anthracenyl group, and may
further have the above-described substituent such as an alkyl
group, a cycloalkyl group, and an alkoxy group.

Examples of the aryloxyethyl group include a phenyloxy-
ethyl group and a cyclohexylphenyloxyethyl group. These
groups each may further have a substituent.

The aralkyl is also not particularly limited but examples
thereof include a benzyl group.

Examples of the aralkylcarbonyloxyethyl group include a
benzylcarbonyloxyethyl group. These groups each may fur-
ther have a substituent.

Examples of the repeating unit represented by the general
formula (A) include the following.

¥
L
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In one embodiment, the resin (Ab) preferably at least con-
tains a repeating unit represented by the following formula as
the repeating unit represented by the general formula (A).

[Chem. 46]
—CH,—CH3—

OH

The content of repeating unit represented by the general
formula (A) in the resin (Ab) is preferably from 0 to 90% by
mole, more preferably from 5 to 80% by mole, still more
preferably from 10 to 70% by mole, and particularly prefer-
ably from 20 to 60% by mole, based on all the repeating units
in the resin (Ab).

It is also preferable that the resin (Ab) have repeating units
represented by the following general formulae. In the follow-
ing general formulae, j represents an integer of 0 to 3, pref-
erably an integer of 0 to 2, and more preferably O or 1.
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[Chem. 47]
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Specific examples of the repeating units represented by

these general formulae are shown below.

+CH2—?H+
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In one embodiment, the resin (Ab) may contain a repeating
unit (B) including a structural moiety capable of decompos-
ing by irradiation with actinic rays or radiation to generate an
acid (hereinafter referred to as an “acid-generating repeating
unit (B)” or a “repeating unit (B)”).

The structural moiety may be, for example, a structural
moiety capable of decomposing by irradiation with actinic
rays or radiation to generate an acid anion in the repeating unit
(B), or a structural moiety capable of discharging an acid
anion to generate a cation structure in the repeating unit (B).

Furthermore, this structural moiety is preferably, for
example, an ionic structural moiety including a sulfonium salt
structure or an iodonium salt structure.

This structural moiety may be, for example, a structural
moiety such as a structural moiety represented by A in the
general formulae (B1), (B2), and (B3) shown below.

In one embodiment, it is preferable that the repeating unit
(B) be at least one selected from the group consisting of
repeating units of the following general formulae (B1), (B2)
and (B3). Among these, the repeating unit represented by the
following general formula (B1) or (B3) is more preferred, and
the repeating unit represented by the following general for-
mula (B1) is particularly preferred.

[Chem. 49]

B

|
A
(B2)
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In the general formulae (B1), (B2) and (B3),

A represents a structural moiety capable of decomposing
by irradiation with actinic rays or radiation to generate an acid
anion.
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Rg.s Rgs and Ry, to Ry, each independently represent a
hydrogen atom, an alkyl group, a cycloalkyl group, a halogen
atom, a cyano group, or an alkoxycarbonyl group.

Ry represents a cyano group, a carboxyl group, —CO—
OR,5 or —CO—N(R,()(R,-), wherein R, represents an
alkyl group, a cycloalkyl group, an alkenyl group, a cycloalk-
enyl group, an aryl group or an aralkyl group, and R, and R,
each independently represent a hydrogen atom, an alkyl
group, a cycloalkyl group, an alkenyl group, a cycloalkenyl
group, an aryl group or an aralkyl group, provided that R,
and R,, may be bonded to each other to form a ring together
with the N atom.

X, X, and X each independently represent a single bond,
an arylene group, an alkylene group, a cycloalkylene group,
—0—, —SO,—, —CO—, —N(R;5)—, or a divalent con-
necting group formed by a combination of two or more of
these, wherein R,; represents a hydrogen atom, an alkyl
group, a cycloalkyl group, an alkenyl group, a cycloalkenyl
group, an aryl group, or an aralkyl group.

The alkyl group of R, Rys and R, to R, is preferably one
having 20 or less carbon atoms, and more preferably one
having 8 or less carbon atoms. Examples of the alkyl group
include a methyl group, an ethyl group, a propyl group, an
isopropyl group, an n-butyl group, a sec-butyl group, a hexyl
group, a 2-ethylhexyl group, an octyl group, and a dodecyl
group. Further, these alkyl groups may further have a sub-
stituent.

The cycloalkyl group of Ry,, Ry5 and Ry, to Ry, may be
monocyclic or polycyclic. This cycloalkyl group is preferably
one having 3 to 8 carbon atoms. Examples of the cycloalkyl
group include a cyclopropyl group, a cyclopentyl group or a
cyclohexyl group.

Examples of the halogen atom of R, Rys and Ry, to Ry
include a fluorine atom, a chlorine atom, a bromine atom, and
an iodine atom. Among these, a fluorine atom is particularly
preferred.

The alkyl group contained in the alkoxycarbonyl group of
Ro4 Rgs and Ry, to Ry is preferably, for example, any of
those set forth above as the alkyl group of R, Rys and R, to
Roe-

The alkyl groups of R, to R, and R;; are preferably, for
example, those set forth above as being of R4, Ry5 and R, to
Roe-

The cycloalkyl groups of R,5 to R,, and R are preferably,
for example, those set forth above as being of R4, Ry and R,
to Ryo.

The alkenyl group of R, to R,, and R is preferably one
having 2 to 6 carbon atoms. Examples of the alkenyl group
include a vinyl group, a propenyl group, an allyl group, a
butenyl group, a pentenyl group, and a hexenyl group.

The cycloalkenyl group of R, to R, and R is preferably
onehaving 3 to 6 carbon atoms. Examples of the cycloalkenyl
group include a cyclohexenyl group.

The aryl group of R, 5 to R,, and R may be a monocyclic
aromatic group or a polycyclic aromatic group. This aryl
group is preferably one having 6 to 14 carbon atoms. A
substituent may further be introduced in the aryl group. Fur-
ther, the aryl groups may be bonded to each other to form
multiple rings. Examples of the aryl group R,5to R, and R,
include a phenyl group, a tolyl group, a chlorophenyl group,
a methoxyphenyl group, and a naphthyl group.

The aralkyl group of R, to R, and R is preferably one
having 7 to 15 carbon atoms. A substituent may further be
introduced in this aralkyl group. Examples of the aralkyl
group of R, to R,, and R5; include a benzyl group, a phen-
ethyl group, and a cumyl group.
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The ring formed by the mutual bonding of R,4 and R,
together with the nitrogen atom is preferably a 5- to 8-mem-
bered ring. Specific examples thereof include pyrrolidine,
piperidine, and piperazine.

The arylene group of X, to X is preferably one having 6 to
14 carbon atoms. Examples of this arylene group include a
phenylene group, a tolylene group, and a naphthylene group.
These arylene groups may further have a substituent.

The alkylene group of X, to X is preferably one having 1
to 8 carbon atoms. Examples of this alkylene group include a
methylene group, an ethylene group, a propylene group, a
butylene group, a hexylene group, and an octylene group.
These alkylene groups may further have a substituent.

The cycloalkylene group of X, to X, is preferably one
having 5 to 8 carbon atoms. Examples of this cycloalkylene
group include a cyclopentylene group and a cyclohexylene
group. These cycloalkylene groups may further have a sub-
stituent.

Preferred examples of the substituents that can be intro-
duced in the individual groups in the general formulae (B1) to
(B3) include a hydroxyl group; a halogen atom (fluorine,
chlorine, bromine, or iodine); a nitro group; a cyano group; an
amido group; a sulfonamido group; any of the alkyl groups
mentioned above as R, Rys and Ry, to Ry,5; an alkoxy group,
such as a methoxy group, an ethoxy group, a hydroxyethoxy
group, a propoxy group, a hydroxypropoxy group, and a
butoxy group; an alkoxycarbonyl group, such as a methoxy-
carbonyl group and an ethoxycarbonyl group; an acyl group,
such as a formyl group, an acetyl group, and a benzoyl group;
an acyloxy group, such as an acetoxy group and a butyryloxy
group; and a carboxyl group. These substituents preferably
have 8 or less carbon atoms.

A represents a structural moiety capable of decomposing
by irradiation with actinic rays or radiation to generate an acid
anion, and specific examples thereof include a photoinitiator
for photocationic polymerization, a photoinitiator for photo-
radical polymerization, a photo-achromatic agent and photo-
discoloring agent for dyes, structural moieties contained in
generally known compounds that generate an acid by light,
employed in microresists or the like.

Furthermore, A is preferably an ionic structural moiety
with a sulfonium salt structure or an iodonium salt structure.
In particular, A is preferably any of the groups represented by
the following general formulae (ZI) and (ZI1).

[Chem. 50]
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In the general formula (Z1),

R,0;5 Rso, and R,o; each independently represent an
organic group.

The number of carbon atoms of each of the organic groups
as R,q;, Ry, and R, ; is generally in the range of 1 to 30,
preferably 1 to 20. Two members of R,,; to R,y; may be
bonded to each other to form a ring structure, and the ring
within the same may contain an oxygen atom, a sulfur atom,
an ester bond, an amido bond, or a carbonyl group. Examples
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of the group formed by bonding of two members out of R,
to R,; include an alkylene group such as a butylene group
and a pentylene group.

7~ represents the acid anion generated by the decomposi-
tion by irradiation with actinic rays or radiation. Z~ is pref-
erably a nonnucleophilic anion. Examples of the nonnucleo-
philic anion include a sulfonate anion, a carboxylate anion, a
sulfonylimido anion, a bis(alkylsulfonyl)imido anion, and a
tris(alkylsulfonyl)methyl anion.

Furthermore, the nonnucleophilic anion means an anion
whose capability of inducing a nucleophilic reaction is
extremely low. By using the nucleophilic anion, any temporal
decomposition by intramolecular nucleophilic reaction can
be inhibited. This would realize an enhancement of the tem-
poral stability of the resin and the composition.

Examples of the organic groups of R,;, R,q, and R,
include corresponding groups represented by (ZI-1), (Z1-2)
and (Z1-3).

More preferred examples of the group represented by the
general formula (ZI) include the (ZI-1), (Z1-2), (ZI-3) and
(Z1-4) groups as described below.

The (ZI-1) groups are groups of the general formula (Z1),
wherein at least one of R, to R,; is an aryl group, that is, a
group containing an arylsulfonium as a cation.

All of the R,,, to R,y; may be aryl groups. It is also
appropriate that R, to R,; are partially an aryl group and
the remaining groups are an alkyl group or a cycloalkyl group.

Examples of the (Z1-1) group include a group correspond-
ing to each of triarylsulfonium, diarylalkylsulfonium, aryl-
dialkylsulfonium, diarylcycloalkylsulfonium, and aryldicy-
cloalkyl sulfonium.

The aryl group of arylsulfonium is preferably a phenyl
group or a naphthyl group, more preferably a phenyl group.
The aryl group may be one having a heterocyclic structure
containing a heteroatom such as an oxygen atom, a nitrogen
atom, and a sulfur atom. Examples of the heterocyclic struc-
ture include pyrrole, furan, thiophene, indole, benzofuran,
and benzothiophene. When the arylsulfonium has two or
more aryl groups, these aryl groups may be the same as or
different from each other.

The alkyl group or cycloalkyl group contained in the aryl-
sulfonium according to necessity is preferably a linear or
branched alkyl group having 1 to 15 carbon atoms or a
cycloalkyl group having 3 to 15 carbon atoms. Examples of
the alkyl group or cycloalkyl group include a methyl group,
an ethyl group, a propyl group, an n-butyl group, a sec-butyl
group, a t-butyl group, a cyclopropyl group, a cyclobutyl
group, and a cyclohexyl group.

The aryl group, alkyl group or a cycloalkyl group repre-
sented by R,,; to R,,; may have as its substituent an alkyl
group (for example, having 1 to 15 carbon atoms), a
cycloalkyl group (for example, having 3 to 15 carbon atoms),
an aryl group (for example, having 6 to 14 carbon atoms), an
alkoxy group (for example, having 1 to 15 carbon atoms), a
halogen atom, a hydroxyl group, or a phenylthio group.

Preferred examples of the substituents are a linear or
branched alkyl group having 1 to 12 carbon atoms, a
cycloalkyl group having 3 to 12 carbon atoms, and a linear,
branched, or cyclic alkoxy group having 1 to 12 carbon
atoms. More preferred examples of the substituents include
an alkyl group having 1 to 4 carbon atoms and an alkoxy
group having 1 to 4 carbon atoms. The substituents may be
contained in any one of the three R, to R, 5, or alternatively
may be contained in two or more of R, to R,;. Further, in
the case where R,,; to R,,; represent phenyl groups, the
substituent is preferably substituted at the p-position of the

phenyl group.
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Next, the (Z1-2) group will be described.

The (Z1-2) group is the group of the general formula (ZI),
wherein R, to R,,; each independently represent an organic
group having no aromatic ring. Here, the aromatic ring also
includes a heterocycle having a heteroatom.

The organic group having no aromatic ring as R, to R,5
generally has 1 to 30 carbon atoms, and preferably 1 to 20
carbon atoms.

R,q; to R,o; each independently preferably represent an
alkyl group, a cycloalkyl group, an allyl group, or a vinyl
group, still more preferably a linear or branched 2-oxoalkyl
group, a 2-oxocycloalkyl group, or an alkoxycarbonylmethyl
group, and particularly preferably a linear or branched
2-oxoalkyl group.

Preferable examples of the alkyl group and the cycloalkyl
group of R, to R,; include a linear or branched alkyl group
having 1 to 10 carbon atoms (for example, a methyl group, an
ethyl group, a propyl group, a butyl group, and a pentyl
group), and a cycloalkyl group having 3 to 10 carbon atoms (a
cyclopentyl group, a cyclohexyl group, and a norbornyl
group). More preferred examples of the alkyl group include a
2-oxoalkyl group and an alkoxycarbonylmethyl group. Still
more preferred examples of the cycloalkyl group include a
2-oxocycloalkyl group.

The 2-oxoalkyl group may be linear or branched. Preferred
examples of the 2-oxoalkyl group include a group having
>C—0 at the 2-position of the above-described alkyl group.
Preferred examples of the 2-oxocycloalkyl group include a
group having >C—0 at the 2-position of the above-described
cycloalkyl group.

Examples of the alkoxy group in the alkoxycarbonylm-
ethyl group preferably include an alkoxy group having 1 to 5
carbon atoms (for example, a methoxy group, an ethoxy
group, a propoxy group, a butoxy group, and a pentoxy
group).

R,o; to R,o; may be further substituted with a halogen
atom, an alkoxyl group (for example, having 1 to 5 carbon
atoms), a hydroxyl group, a cyano group, or a nitro group.

Next, the (Z1-3) group will be described.

The (ZI1-3) group is a group represented by the following
general formula (Z1-3) which has a phenacylsulfonium salt
structure.

[Chem. 51]
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In the general formula (Z1-3), R, to R, each indepen-
dently represent a hydrogen atom, an alkyl group, a
cycloalkyl group, an alkoxy group, or a halogen atom.

Rg,. and R, each independently represent a hydrogen
atom, an alkyl group, or a cycloalkyl group.

R, and R, each independently represent an alkyl group, a
cycloalkyl group, an allyl group or a vinyl group.

Any two or more members out of R, . to Ry, and R, and
R, and R, and R, may be bonded to each other to form a ring
structure. This ring structure may contain an oxygen atom, a
sulfur atom, an ester bond and/or an amido bond. Examples of
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the group formed by the mutual bonding of the groups include
a butylene group and a pentylene group.

7.~ represents a nonnucleophilic anion, and examples
thereof include the same nonnucleophilic anions as Z~ of the
general formula (Z1).

With respect to particular structures of the cation moieties
of the general formula (ZI-3), reference may be made to the
structures ofthe cation moieties of acid generators set forth by
way of example in paragraphs 0047 and 0048 of JP2004-
233661A and set forth by way of example in paragraphs 0040
to 0046 of JP2003-35948A.

Next, the (Z1-4) group will be described.

The (ZI-4) group is a group represented by the general
formula (ZI-4) below. This group is effective in the suppres-
sion of outgassing.

[Chem. 52]
714
Ry
Rpp Ryo
Ri3 Ro °
7 —
Ry Rg
R @ R,
RY 7 Re
Ry Rs

Inthe general formula (ZI-4), R, to R ; each independently
represent a hydrogen atom or a substituent.

Preferably, at least one of R, to R is a substituent con-
taining an alcoholic hydroxyl group. Further, the “alcoholic
hydroxyl group” as used herein refers to a hydroxyl group
bonded to a carbon atom of an alkyl group.

Z represents a single bond or a divalent connecting group.

7.~ represents a nonnucleophilic anion. Examples thereof
include the same nonnucleophilic anions as Z~ in the general
formula (ZI).

Inthe case where R to R ; represent substituents contain-
ing an alcoholic hydroxyl group, R, to R, ; preferably repre-
sent the groups represented by —(W'Y), whereinY represents
a hydroxyl-substituted alkyl group and W represents a single
bond or a divalent connecting group.

Preferred examples of the alkyl group represented by Y
include an ethyl group, a propyl group and an isopropyl
group. Particularly preferably, Y contains a structure repre-
sented by —CH,CH,OH.

The divalent connecting group represented by W is not
particularly limited, but it is preferably a single bond, or a
divalent group as obtained by substituting with a single bond
any hydrogen atom of a group selected from among an alkoxy
group, an acyloxy group, an acylamino group, an alkyl- or
arylsulfonylamino group, an alkylthio group, an alkylsulfo-
nyl group, an acyl group, an alkoxycarbonyl group and a
carbamoyl group. More preferably, W is a single bond, or a
divalent group as obtained by substituting with a single bond
any hydrogen atom of a group selected from among an acy-
loxy group, an alkylsulfonyl group, an acyl group and an
alkoxycarbonyl group.
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In the case where R, to R ; represent substituents contain-
ing an alcoholic hydroxyl group, the number of carbon atoms
contained in each of the substituents is preferably from 2 to
10, more preferably from 2 to 6, and still more preferably
from 2 to 4.

Each of the substituents containing an alcoholic hydroxyl
group as R, to R, ; may have two or more alcoholic hydroxyl
groups. The number of the alcoholic hydroxyl groups con-
tained in each of the substituents containing an alcoholic
hydroxyl group as R, to R, ; is from 1 to 6, preferably from 1
to 3, and more preferably 1.

The number of the alcoholic hydroxyl groups contained in
the (Z1-4) group as the total of those of R, to R, 5 is from 1 to
10, preferably from 1 to 6, and more preferably from 1 to 3.

In the case where R, to R,; do not contain any alcoholic
hydroxyl group, examples of R, to R,; include a hydrogen
atom, a halogen atom, an alkyl group, a cycloalkyl group, an
alkenyl group, a cycloalkenyl group, an alkynyl group, an aryl
group, heterocycle group, a cyano group, a nitro group, a
carboxy group, an alkoxy group, an aryloxy group, silyloxy
group, a heterocyclic oxy group, an acyloxy group, a carbam-
oyloxy group, an alkoxycarbonyloxy group, an aryloxycar-
bonyloxy group, an amino group (including an anilino
group), an ammonio group, an acylamino group, an ami-
nocarbonylamino group, an alkoxycarbonylamino group, an
aryloxycarbonylamino group, a sulfamoylamino group, an
alkyl- or aryl-sulfonylamino group, a mercapto group, an
alkylthio group, an arylthio group, a heterocyclic thio group,
a sulfamoyl group, a sulfo group, an alkyl- or aryl-sulfinyl
group, an alkyl- or aryl-sulfonyl group, an acyl group, an
aryloxycarbonyl group, an alkoxycarbonyl group, a carbam-
oyl group, an aryl- or heterocyclic azo group, an imido group,
a phosphino group, a phosphinyl group, a phosphinyloxy
group, a phosphinylamino group, a phosphono group, a silyl
group, a hydrazino group, a ureido group, a boronic acid
group (—B(OH),), a phosphato group (—OPO(OH),), a
sulfato group (—OSO;H), and other known substituents.

In the case where R to R, ; contain no alcoholic hydroxyl
group, each of R, to R, ; is preferably a hydrogen atom, a
halogen atom, an alkyl group, a cycloalkyl group, a cyano
group, an alkoxy group, an acyloxy group, an acylamino
group, an aminocarbonylamino group, an alkoxycarbony-
lamino group, an alkyl- or aryl-sulfonylamino group, an alky-
Ithio group, a sulfamoyl group, an alkyl- or aryl-sulfonyl
group, an alkoxycarbonyl group or a carbamoyl group.

In the case where R to R ; contain no alcoholic hydroxyl
group, each of R, to R ; is more preferably a hydrogen atom,
an alkyl group, a cycloalkyl group, a halogen atom or an
alkoxy group.

Two adjacent members out of R, to R, ; may be bonded to
each other to form a ring structure. This ring structure
includes an aromatic or non-aromatic hydrocarbon ring and a
heterocycle. These ring structures may be further combined
with each other to form a condensed ring.

The (Z1-4) group preferably has a structure where at least
one of R, to R, ; contains an alcoholic hydroxyl group, more
preferably a structure where at least one of Rg to R, 5 contains
an alcoholic hydroxyl group.

Z represents, as described above, a single bond or a divalent
connecting group. Examples of the divalent connecting group
include an alkylene group, an arylene group, a carbonyl
group, a sulfonyl group, a carbonyloxy group, a carbony-
lamino group, a sulfonylamido group, an ether bond, a thio-
ether bond, an amino group, a disulfide group, an acyl group,
an alkylsulfonyl group, —CH—CH—, an aminocarbony-
lamino group and an aminosulfonylamino group.



US 9,188,862 B2

81

The divalent connecting group may have a substituent.
Examples of the substituent thereof include the same sub-
stituents enumerated above with respect to R, to R ;.

Preferably, Z is a single bond, an ether bond or a thioether
bond, and particularly preferably a single bond.

Now, the general formula (ZII) will be described.

In the general formula (ZII), R,,, and R, each indepen-
dently represent an aryl group, an alkyl group or a cycloalkyl
group.

Specific examples and preferred forms of the aryl group,
the alkyl group and the cycloalkyl group of R, and R, 5 are
the same groups as set forth above with respect to R, to R,
in the above-described compounds (Z1-1).

The aryl group, alkyl group and cycloalkyl group of R,
and R, 45 may further have substituents. The substituents are
also the same groups as set forth above with respectto R, to
R,q; of the above compounds (Z1-1).

7~ represents an acid anion generated by the decomposi-
tion by irradiation with actinic rays or radiation, preferably a
nonnucleophilic anion. Examples thereof include the same
groups as 7~ of the general formula (ZI).

Preferred examples of A also include groups represented
by the following general formulae (ZCI) and (ZCII).

[Chem. 53]
ZCI
R3o1
I
_T® @
R302
ZCII
— 2, MO

In the general formulae (ZCI) and (ZCID),

R;,; and R;,, each independently represent an organic
group. This organic group generally has 1 to 30 carbon atoms,
and preferably 1 to 20 carbon atoms. R, and R;,, may be
bonded to each other to form a ring structure. With respect to
the ring structure, at least one selected from among an oxygen
atom, a sulfur atom, an ester bond, an amido bond and a
carbonyl group may be contained in the ring. Examples of the
group formed by the mutual bonding of R, ,; and R, include
alkylene groups such as a butylene group and a pentylene
group.

Examples of the organic groups of R;,; and R, include
the aryl groups, alkyl groups and cycloalkyl groups set forth
aboveasexamples of R, to R, ; of the general formula (Z1).

M represents an atomic group capable of forming an acid
with the addition of a proton. In particular, the structures
represented by any of the general formulae AN1 to AN3 to be
described hereinafter may be mentioned. Among these, the
structure represented by the general formula AN1 is particu-
larly preferred.

R;,; represents an organic group. The organic group as
R;q; has generally 1 to 30 carbon atoms, and preferably 1 to
20 carbon atoms. Specific examples of the organic groups as
R;q; include the aryl groups, alkyl groups, cycloalkyl groups,
and the like as set forth above as the specific examples of R,
and R, 5 in the general formula (ZII).

Moreover, examples of the structural portion capable of
generating an acid by irradiation with actinic rays or radiation
include the structural moiety destined for a sulfonic acid
precursor that is introduced in each of the following photo-
acid generators. Examples of the photo-acid generators
include the following compounds (1) to (3).
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(1) Compounds photolyzed to generate a sulfonic acid
whose representative is an iminosulfonate or the like, as
described in M. Tunooka et al., Polymer Preprints Japan,
35(8); G. Berner et al., J. Rad. Curing, 13(4); W. J. Mijsetal.,
Coating Technol., 55(697), 45 (1983); H. Adachi et al., Poly-
mer Preprints Japan, 37(3); EP0199,672B, EP84515B,
EP199,672B, EP044,115B, and EP0101,122B; U.S. Pat. No.
618,564B, U.S. Pat. No. 4,371,605B and U.S. Pat. No. 4,431,
774B; JP1989-18143 A (JP-S64-18143A), JP1990-245756A
(JP-H02-245756A), and JP1992-365048A  (JP-HO4-
365048A); etc.

(2) Disulfone compounds as described in JP1986-
166544 A (JP-S61-166544A), etc.

(3) Compounds capable of generating an acid, as described
in V. N. R. Pillai, Synthesis, (1), 1 (1980); A. Abad et al.,
Tetrahedron Lett., (47) 4555 (1971); D. H. R. Barton et al., J.
Chem. Soc., (C), 329 (1970); U.S. Pat. No. 3,779,778B;
EP126,712B; etc.

It is preferable for the repeating unit (B) to contain a struc-
tural moiety thatis converted to an acid anion upon irradiation
with actinic rays or radiation. For example, it is preferable for
A in the general formulae (B1) to (B3) to represent a struc-
tural moiety thatis converted to an acid anion upon irradiation
with actinic rays or radiation.

That is, it is more preferred for the repeating unit (B) to
have a structure that generates an acid anion upon irradiation
with actinic rays or radiation in a side chain of the resin. When
this structure is employed, the diffusion of generated acid
anions can be inhibited to enhance the resolution, roughness
characteristic, or the like.

Itis preferable for each of the moiety —X, - A in the general
formula (B1), the moiety —X,-A in the general formula (B2)
and the moiety —X;-A in the general formula (B3) to be
represented by any one of the following general formulae
(L1), (L2) and (L3).

7Xll_Lll_Xl27Ar17X13_Ll2_Zl (Ll)

7Ar27X2 1_L2 1 _X22_L22_Z2 (Lz)

7X31_L31_X32_L32_ZS (L3)

First, the moieties represented by the general formula (L1)
will be described.

X,; represents —O—, —S— —CO—, —SO,—,
—NR— (wherein R represents a hydrogen atom or an alkyl
group), a divalent nitrogen-containing non-aromatic hetero-
cyclic group, or a group formed by combination thereof.

X,, and X, ; each independently represent a single bond,
—0—,—S—,—CO—, —SO,—, —NR— (wherein R rep-
resents a hydrogen atom or an alkyl group), a divalent nitro-
gen-containing non-aromatic heterocyclic group, or a group
formed by combination thereof.

The alkyl group of R may be linear or branched. Further,
the alkyl group of R may further have a substituent. The alkyl
group preferably has 20 or less carbon atoms, more preferably
8 or less carbon atoms, and still more preferably 3 or less
carbon atoms. Examples of such an alkyl group include a
methyl group, an ethyl group, a propyl group and an isopropyl
group. R is particularly preferably a hydrogen atom, a methyl
group or an ethyl group.

Incidentally, the divalent nitrogen-containing non-aro-
matic heterocyclic group preferably means a 3- to 8-mem-
bered non-aromatic heterocyclic group having at least one
nitrogen atom.

X, ismore preferably —O—, —CO—,—NR— (wherein
R represents a hydrogen atom or an alkyl group) or a group
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formed by combination thereof, and particularly preferably
—COO— or —CONR— (wherein R represents a hydrogen
atom or an alkyl group).

L,, represents an alkylene group, an alkenylene group, a
divalent aliphatic hydrocarbon ring group, or a group formed
by a combination of two or more of these, provided that in the
group formed by a combination, two or more groups com-
bined together may be the same as or different from each
other and may be connected to each other through O—,
—S—, —CO—, —S0O,—, —NR— (wherein R represents a
hydrogen atom or an alkyl group), a divalent nitrogen-con-
taining non-aromatic heterocyclic group, a divalent aromatic
ring group, or a group formed by combination thereof.

The alkylene group of L, ; may be in the form of a linear or
branched chain. This alkylene group preferably has 1 to 8
carbon atoms, more preferably 1 to 6 carbon atoms, and still
more preferably 1 to 4 carbon atoms.

Examples of the alkenylene group of L, include a group
having a double bond at an arbitrary position of the above-
described alkylene group.

The divalent aliphatic hydrocarbon ring group of L, may
be monocyclic or polycyclic. This divalent aliphatic hydro-
carbon ring group preferably has 5 to 12 carbon atoms, more
preferably 6 to 10 carbon atoms.

The divalent aromatic ring group as a connecting group
may be an arylene group or a heteroarylene group. This aro-
matic ring group preferably has 6 to 14 carbon atoms. The
aromatic ring group may further have a substituent.

Incidentally, —NR— and the divalent nitrogen-containing
non-aromatic heterocyclic group as the connecting group are
the same respective groups as set forth above in X ;.

L,, is particularly preferably an alkylene group, a divalent
aliphatic hydrocarbon ring group, or a group formed by com-
bining an alkylene group and a divalent aliphatic hydrocarbon
ring group through —OCO—, —O— or —CONH— (for
example, -alkylene group-O-alkylene group-, -alkylene
group-OCO-alkylene group-, or -divalent aliphatic hydrocar-
bon ring group-O-alkylene group-, or -alkylene group-
CONH-alkylene group-).

Specific examples of —NR— and the divalent nitrogen-
containing non-aromatic heterocyclic group in X, and X5
are the same specific examples as the respective groups in X |,
described above, and preferred examples are also the same.

X, is preferably a single bond, —S—, —O—, —CO—,
—SO,— or a group formed by a combination thereof, and
more preferably a single bond, —S—, —OCO—, or
—080,—.

X5 is preferably —O—, —CO—, —SO,— or a group
formed by a combination thereof, and particularly preferably
—08S0,—.

Ar, represents a divalent aromatic ring group. The divalent
aromatic ring group may be an arylene group or a het-
eroarylene group. This divalent aromatic ring group may
further have a substituent. Examples of the substituent
include an alkyl group, an alkoxy group and an aryl group.

Ar, is particularly preferably an arylene group having 6 to
18 carbon atoms, which may have a substituent, or an aralky-
lene group formed by combining an arylene group having 6 to
18 carbon atoms and an alkylene group having 1 to 4 carbon
atoms, and more preferably a phenylene group, a naphthylene
group, a biphenylene group, or a phenylene group substituted
with a phenyl group.

L,, represents an alkylene group, an alkenylene group, a
divalent aliphatic hydrocarbon ring group, a divalent aro-
matic ring group, or a group formed by a combination of two
or more thereof, and in these groups, hydrogen atoms are
partially or entirely substituted with a substituent selected
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from a fluorine atom, an alkyl fluoride group, a nitro group
and a cyano group. Inthe group formed by a combination, two
or more groups combined may be the same as or different
from each other. Further, these groups may be connected
through —O—, —S8—, —CO—, —8S0O,—, —NR— (R is a
hydrogen atom or an alkyl group), a divalent nitrogen-con-
taining non-aromatic heterocyclic group, a divalent aromatic
ring group, or a group formed by a combination thereof.

L, is more preferably an alkylene group or divalent aro-
matic ring group with hydrogen atoms being partially or
entirely substituted with a fluorine atom or an alkyl fluoride
group (more preferably a perfluoroalkyl group), or a group
formed by a combination thereof, and particularly preferably
analkylene group or divalent aromatic ring group with hydro-
gen atoms being partially or entirely substituted with a fluo-
rine atom. L, , is particularly preferably an alkylene group or
divalent aromatic ring group where from 30 to 100% by
number of hydrogen atoms are substituted with a fluorine
atom.

The alkylene group of L, , may be linear or branched. This
alkylene group preferably has 1 to 6 carbon atoms, and more
preferably 1 to 4 carbon atoms.

Examples of the alkenylene group of L, include a group
formed by introduction of a double bond in an arbitrary posi-
tion of the above alkylene group.

The divalent aliphatic hydrocarbon ring group of L, , may
be monocyclic or polycyclic. The divalent aliphatic hydrocar-
bon ring group is preferably one having 3 to 17 carbon atoms.

Examples of the divalent aromatic ring group as L,
include the same groups as set forth above as the connecting
groupinL,;.

Further, specific examples of —NR— and the divalent
nitrogen-containing non-aromatic heterocyclic group as the
connecting group in L, , include the same groups as set forth
above in X, ;, and preferred examples are also the same.

Z, represents a moiety leading to a sulfonic acid group by
irradiation with actinic rays or radiation, and specific
examples thereof include a structure represented by formula
“D.

Next, the moieties represented by the general formula (L.2)
will be described.

Ar, represents a divalent aromatic ring group. The divalent
aromatic ring group may be an arylene group or a het-
eroarylene group. This divalent aromatic ring group prefer-
ably has 6 to 18 carbon atoms. The divalent aromatic ring
group may further have a substituent.

X5, represents —O—, —S— —CO—, —SO,—,
—NR— (wherein R represents a hydrogen atom or an alkyl
group), a divalent nitrogen containing non-aromatic hetero-
cyclic group, or a group formed by combination thereof.

Examples of the —NR— and the divalent nitrogen con-
taining non-aromatic heterocyclic group in X,, include the
same groups as set forth above with respect to X, ;.

X, 1s more preferably —O—, —S—, —CO—, —SO,—
or a group formed by combination thereof, and particularly
preferably —O—, —OCO— or —OSO,—.

X,, represents a single bond, —O—, —S—, —CO—,
—S0,—,—NR— (wherein R represents a hydrogen atom or
an alkyl group), a divalent nitrogen containing non-aromatic
heterocyclic group, or a group formed by combination
thereof. Examples of the —NR— and the divalent nitrogen
containing non-aromatic heterocyclic group in X,, include
the same groups as set forth above with respect to X ;.

X,, 1s more preferably —O—, —S—, —CO—, —SO,—
or a group formed by combination thereof, and particularly
preferably —O—, —OCO—, or —OSO,—.
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L,, represents a single bond, an alkylene group, an alk-
enylene group, a divalent aliphatic hydrocarbon ring group, a
divalent aromatic ring group, or a group formed by a combi-
nation of two or more of these. In the group formed by a
combination, two or more groups combined together may be
the same as to or different from each other. Further, these
groups may be connected to each other through —O—,
—S—, —CO—, —S0O,—, —NR— (wherein R represents a
hydrogen atom or an alkyl group), a divalent nitrogen con-
taining non-aromatic heterocyclic group, a divalent aromatic
ring group, or a group formed by combination thereof.

Examples of the alkylene group, the alkenylene group and
the divalent aliphatic hydrocarbon ring group of L, include
the same groups as set forth above with respect to the respec-
tive group in L, ;.

The divalent aromatic ring group of L,; may be an arylene
group or a heteroarylene group. This divalent aromatic ring
group preferably has 6 to 14 carbon atoms.

Examples of the —NR— and the divalent nitrogen-con-
taining non-aromatic heterocyclic group of L,, include the
same groups as set forth above with respect to X, ;.

L,, is particularly preferably a single bond, an alkylene
group, a divalent aliphatic hydrocarbon ring group, a divalent
aromatic ring group, or a group formed by a combination of
two or more thereof (for example, -alkylene group-divalent
aromatic ring group- or -divalent aliphatic hydrocarbon ring
group-alkylene group-), or a group formed by combining two
or more of these groups through a connecting group such as
—O0CO—,—COO—,—0O—and—S— (forexample, -alky-
lene group-OCO-divalent aromatic ring group-, -alkylene
group-5-divalent aromatic ring group-, or -alkylene group-O-
alkylene group-divalent aromatic ring group).

L,, represents an alkylene group, an alkenylene group, a
divalent aliphatic hydrocarbon ring group, a divalent aro-
matic ring group, or a group formed by a combination of two
or more thereof, and in these groups, hydrogen atoms may be
partially or entirely substituted with a substituent selected
from a fluorine atom, an alkyl fluoride group, a nitro group
and a cyano group. In the group formed by a combination, two
or more groups combined may be the same as or different
from each other. Further, these groups may be connected
throogh —O—, —8—, —CO—, —SO,—, —NR—
(wherein R is a hydrogen atom or an alkyl group), a divalent
nitrogen-containing non-aromatic heterocyclic group, a diva-
lent aromatic ring group, or a group formed by a combination
thereof.

L,, is preferably an alkylene group or divalent aromatic
ring group with hydrogen atoms being partially or entirely
substituted with a fluorine atom or an alkyl fluoride group
(more preferably a perfluoroalkyl group), or a group formed
by a combination thereof, and particularly preferably an alky-
lene group or divalent aromatic ring group with hydrogen
atoms being partially or entirely substituted with a fluorine
atom.

Specific examples of the alkylene group, the alkenylene
group, the aliphatic hydrocarbon ring group, the divalent
aromatic ring group and a group formed by a combination of
two or more thereof, represented by L,,, include the same
groups as exemplified above as L., in the general formula
(L1).

Furthermore, specific examples of —NR— and the diva-
lent nitrogen-containing non-aromatic heterocyclic group as
the connecting group in L,, include the same specific
examples as the respective groups in X,,, and preferred
examples are also the same.

7, represents a moiety that is converted to a sulfonic acid
group upon irradiation with actinic rays or radiation. Specific
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examples of the moieties of Z, include the same groups as set
forth above with respect to Z,.

Next, the moiety represented by the general formula (L.3)
will be described.

X5, and X, each independently represent a single bond,
—0—,—S—,—CO—, —SO,—, —NR— (wherein R rep-
resents a hydrogen atom or an alkyl group), a divalent nitro-
gen-containing non-aromatic heterocyclic group, or a group
formed by combination thereof.

Examples of the —NR— and the divalent nitrogen-con-
taining non-aromatic heterocyclic group in each of X, and
X5, include the same groups as set forth above with respect to
X1

X5, is more preferably a single bond, —O—, —CO—,
—NR— (wherein R represents a hydrogen atom or an alkyl
group) or a group formed by combination thereof. X,, is
particularly preferably a single bond, —COO—, or
—CONR— (wherein R represents a hydrogen atom or an
alkyl group).

X5, is preferably —O—, —S—, —CO—, —SO,—, a
divalent nitrogen-containing non-aromatic heterocyclic
group, or a group formed by combination thereof. X, is
particularly preferably —O—, —OCO—, or —OSO,—.

L;, represents a single bond, an alkylene group, an alk-
enylene group, a divalent aliphatic hydrocarbon ring group, a
divalent aromatic ring group, or a group formed by a combi-
nation of two or more thereof. In the group formed by a
combination, two or more groups combined together may be
the same as to or different from each other. Further, these
groups may be connected to each other through —O—,
—S—, —CO—, —S0,—, —NR— (wherein R represents a
hydrogen atom or an alkyl group), a divalent nitrogen-con-
taining non-aromatic heterocyclic group, a divalent aromatic
ring group, or a group formed by combination thereof.

Examples of the alkylene group, the alkenylene group, the
divalent aliphatic hydrocarbon ring group, and the divalent
aromatic ring group of L, include the same groups as set
forth above with respect to L, ;.

Specific examples of the —NR— and the divalent nitro-
gen-containing non-aromatic heterocyclic group as a con-
necting group in L, include the same specific examples as the
respective groups described above in X, , . Preferred examples
are also the same.

L;, represents an alkylene group, an alkenylene group, a
divalent aliphatic hydrocarbon ring group, a divalent aro-
matic ring group, or a group formed by a combination of two
or more of these. In the group formed by a combination, two
or more groups combined together may be the same as to or
different from each other. Further, these groups may be con-
nected to each other through —O— —S— —CO—,
—S0,—,—NR— (wherein R represents a hydrogen atom or
an alkyl group), a divalent nitrogen-containing non-aromatic
heterocyclic group, a divalent aromatic ring group, or a group
formed by combination thereof.

With respect to each of the alkylene group, the alkenylene
group, the divalent aliphatic hydrocarbon ring group, the
divalent aromatic ring group, or a group formed by a combi-
nation of two or more of these, of L5, it is preferable for the
hydrogen atoms thereof to be partially or entirely substituted
with a substituent selected from among a fluorine atom, a
fluoroalkyl group, a nitro group, and a cyano group.

L, is more preferably an alkylene group, divalent aromatic
ring group, or a group formed by combination thereof with
hydrogen atoms being partially or entirely substituted with a
fluorine atom or a fluoroalkyl group (more preferably a per-
fluoroalkyl group), and particularly preferably an alkylene
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group and divalent aromatic ring group with hydrogen atoms
being partially or entirely substituted with a fluorine atom.

Examples of the alkylene group, the alkenylene group, the
divalent aliphatic hydrocarbon ring group, the divalent aro-
matic ring group, and a group formed by a combination of two
or more of these, of L;,, include the same groups as set forth
above with respect to L, ,. Specific examples of the —NR—
and the divalent nitrogen-containing non-aromatic heterocy-
clic group as a connecting group, in L,,, include the same
groups as set forth above with respect to X,,. Preferred
examples are also the same.

Furthermore, in the case where X5, is a single bond while
L5, is an aromatic ring group and when R;, forms a ring
together with the aromatic ring group of L;,, the alkylene
group represented by R,, is preferably one having 1 to 8
carbon atoms, more preferably one having 1 to 4 carbon
atoms, and still more preferably one having 1 or 2 carbon
atoms.

75 represents an onium salt that is converted to an imidic
acid group or a methide acid group upon irradiation with
actinic rays or radiation. It is preferable for the onium salt
represented by Z, to be a sulfonium salt or an iodonium salt.
The onium salt preferably has a structure represented by the
following general formula (ZII1) or (ZIV).

[Chem. 54]
(Z1IT)
© ®
x—7—N—7,—Rz; A
(Z1V)
e} ®
#——7,—C—7Z,—Rz, A
Z5—RZ3

In the general formulae (Z1II) and (Z1V),Z,,7Z,,7,7,and
Z5 each independently represent —CO— or —SO,—, and
preferably —SO,—.

Rz,, Rz, and Rz, each independently represent an alkyl
group, a monovalent aliphatic hydrocarbon ring group, an
aryl group, or an aralkyl group. Forms of these groups having
the hydrogen atoms thereof partially or entirely being substi-
tuted with a fluorine atom or a fluoroalkyl group (more pref-
erably a perfluoroalkyl group) are more preferred.

The alkyl group of Rz,, Rz, and Rz; may be linear or
branched. This alkyl group preferably has 1 to 8 carbon
atoms, more preferably 1 to 6 carbon atoms, and still more
preferably 1 to 4 carbon atoms.

The monovalent aliphatic hydrocarbon ring group of Rz,,
Rz, and Rz, preferably has 3 to 10 carbon atoms, and more
preferably 3 to 6 carbon atoms.

The aryl group of Rz,, Rz, and Rz, preferably has 6 to 18
carbon atoms, and more preferably 6 to 10 carbon atoms. This
aryl group is particularly preferably a phenyl group.

Preferred examples of the aralkyl group of Rz, Rz, and
Rz, include those formed by the bonding of the above aryl
group to an alkylene group having 1 to 8 carbon atoms. An
aralkyl group formed by the bonding of the above aryl group
to an alkylene group having 1 to 6 carbon atoms is more
preferred. An aralkyl group formed by the bonding of the
above aryl group to an alkylene group having 1 to 4 carbon
atoms is particularly preferred.

A" represents a sulfonium cation or an iodonium cation.
Preferred examples of A* include the sulfonium cation struc-
tures in the general formula (Z1) and the iodonium cation
structures in the general formula (ZI1).
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Specific examples of the repeating units (B) are shown
below, but the scope of the present invention is not limited
thereto.
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In the case where the resin (Ab) contains the repeating unit
(B), the content of the repeating units (B) in the resin (Ab) is
preferably from 0.1 to 80% by mole, more preferably from
0.5 to 60% by mole, and still more preferably from 1 to 40%
by mole, based on all the repeating units in the resin (Ab).

The weight average molecular weight (Mw) of the resin
(Ab) is each preferably in the range of 1,000 to 200,000. In
views of the solubilization rate in an alkali and the sensitivity
of' the resin itself it is preferably 200,000 or less. The disper-
sity (Mw/Mn) is preferably from 1.0 to 3.0, more preferably
from 1.0 to 2.5, and particularly preferably from 1.0 to 2.0.

Among these, the weight average molecular weight (Mw)
of'the resin is preferably in the range of 1,000 to 200,000, still
more preferably in the range of 1,000 to 100,000, particularly
preferably in the range of 1,000 to 50,000, and most prefer-
ably in the range of 1,000 to 25,000.

Here, the weight average molecular weight is defined as
value in terms of polystyrene by means of gel permeation
chromatography. Specifically, the weight average molecular
weight (Mw) and the number average molecular weight (Mn)
of'the resin (Ab) may be calculated by using, for example, an
HLC-8120 (manufactured by Tosoh Corporation) using TSK
gel Multipore HXL.-M columns (manufactured by Tosoh Cor-
poration, 7.8 mm IDx30.0 cm) and THF (tetrahydrofuran) as
an eluent.

The resin (Ab) having a dispersity of 2.0 or less can be
synthesized by carrying out radical polymerization using an
azo-based polymerization initiator. More preferably, the resin
(Ab) having a dispersity of 1.0 to 1.5 can be synthesized by,
for example, living radical polymerization.

The resin (Ab) is preferably polymerized by a known anion
polymerization method, a radical polymerization method, or
the like.

The anion polymerization method is carried out at a tem-
perature of =100 to 90° C. in an organic solvent, usually under
an inert gas atmosphere such as nitrogen and argon, using an
alkali metal or an organic alkali metal as a polymerization
initiator. Incidentally, in the copolymerization, the monomers
can be added sequentially to a reaction system to carry out
polymerization, thereby obtaining a block copolymer, or a
mixture of the respective monomers can be added to a reac-
tion system to carry out polymerization, thereby obtaining a
random copolymer.

Examples of the alkali metal for the polymerization initia-
tor include lithium, sodium, potassium, and cesium, and as an
organic alkali metal, alkyl, allyl and aryl compounds of the
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above alkali metals can be used. Specific examples of the
organic alkali metal include ethyl lithium, n-butyl lithium,
sec-butyl lithium, tert-butyl lithium, ethylsodium, lithium
biphenyl, lithium naphthalene, lithium triphenyl, sodium
naphthalene, a-methylstyrene sodium dianions, 1,1-diphe-
nylhexyl lithium, and 1,1-diphenyl-3-methylpentyl lithium.

The radical polymerization method is carried out at a tem-
perature of 50 to 200° C. in an organic solvent, under an inert
gas atmosphere such as nitrogen and argon, using a known
radical polymerization initiator, for example, azo compounds
such as azobisisobutyronitrile and azobisisovaleronitrile, and
organic oxides such as benzoyl peroxide, methyl ethyl ketone
peroxide, and cumene hydroperoxide, and if necessary, using
a known chain transfer agent such as 1-dodecanethiol.

Examples of the organic solvent include aliphatic hydro-
carbons such as n-hexane and n-heptane, alicyclic hydrocar-
bons such as cyclohexane and cyclopentane, aromatic hydro-
carbons such as benzene and toluene, ketones such as methyl
ethyl ketone and cyclohexanone, polyvalent alcohol deriva-
tives such as propylene glycol monomethyl ether acetate,
propylene glycol monomethyl ether, ethylene glycol
monobutyl ether acetate, ethylene glycol monobutyl ether,
ethylene glycol monoethyl ether acetate, ethylene glycol
monoethyl ether, propylene glycol monoethyl ether acetate,
and propylene glycol monoethyl ether, ethers such as diethyl
ether, tetrahydrofuran, and dioxane, and organic solvents that
are usually used in the anion polymerization, such as anisole
and hexamethylphosphoramide, and these solvents may be
used alone or as a mixed solvent of two or more kinds of the
solvents. More preferred examples of the solvent include
propylene glycol monomethyl ether acetate, propylene glycol
monomethyl ether, and cyclohexanone.

Furthermore, when the positive tone resist of the present
invention is exposed to an ArF excimer laser, it is preferable
from the viewpoint of transparency to an ArF excimer laser to
use a resin having no aromatic ring as the resin (Ab).

A resin suitable for ArF excimer laser exposure (also here-
inafter referred to as a resin (A")) will be described below.

Examples of acid-decomposable group contained in the
resin (A') include the same groups as set forth in the resin
(Ab), and preferred examples of the repeating unit containing
an acid-decomposable group include repeating units repre-
sented by the general formula (A2).

The content of the repeating units having an acid-decom-
posable group is preferably from 20 to 50% by mole, and
more preferably from 25 to 45% by mole, based on all the
repeating units in the resin (A").

The resin (A') is also preferably one having a repeating unit
containing at least one kind of group selected from a lactone
group, a hydroxyl group, a cyano group, and an alkali-soluble
group.

The repeating unit having a lactone group which the resin
(A") can have will be described.

As for the lactone group, any group may be used as long as
it has a lactone structure, but the lactone structure is prefer-
ably a 5-to 7-membered ring lactone structure, and a structure
where another ring structure is condensed with a 5- to 7-mem-
bered ring lactone structure in the form of forming a bicyclo
or spiro structure is preferable. The resin more preferably
contains a repeating unit having a lactone structure repre-
sented by any one of the following formulae (L.C1-1) to
(LC1-16). Further, the lactone structure may be bonded
directly to the main chain.

Among these lactone structures, (LC1-1), (LC1-4), (LC1-
5), (LC1-6), (LC1-13), and (LLC1-14) are preferred. By using
a specific lactone structure, the line edge roughness and the
development defects are improved.
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The lactone structural moiety may or may not have a sub-
stituent (Rb,). Preferred examples of the substituent (Rb,)
include an alkyl group having 1 to 8 carbon atoms, a
cycloalkyl group having 4 to 7 carbon atoms, an alkoxy group
having 1 to 8 carbon atoms, an alkoxycarbonyl group having
1 to 8 carbon atoms, a carboxyl group, a halogen atom, a
hydroxyl group, a cyano group, and an acid-decomposable
group. Among these, an alkyl group having 1 to 4 carbon
atoms, a cyano group and an acid-decomposable group are
more preferred. n2 represents an integer of 0 to 4. Whenn2 is
2 ormore, a plurality of substituents (Rb,) may be the same as
or different from each other and the plurality of substituents
(Rb,) may be bonded to each other to form a ring.

Examples of the repeating unit having a lactone structure
represented by any one of the general formulae (LC1-1) to
(LC1-16) include a repeating unit represented by the follow-
ing general formula (AIl).

[Chem. 60]

(AIT)
Rbyg

COO—Ab—V

In the general formula (All),

Rb, represents a hydrogen atom, a halogen atom, or an
alkyl group having 1 to 4 carbon atoms. Preferred examples of
the substituent which the alkyl group of Rb, may have include
a hydroxyl group and a halogen atom. Examples of the halo-
gen atom of Rb,, include a fluorine atom, a chlorine atom, a
bromine atom, and an iodine atom. Rb, is preferably a hydro-
gen atom, a methyl group, a hydroxymethyl group, or a trif-
luoromethyl group, and particularly preferably a hydrogen
atom or a methyl group.

Ab represents a single bond, an alkylene group, a divalent
connecting group having amonocyclic or polycyclic alicyclic
hydrocarbon structure, an ether group, an ester group, a car-
bonyl group, or a divalent connecting group formed by a
combination thereof, and preferably, a single bond or a diva-
lent connecting group represented by -Ab,-CO,—.

Ab, is alinear or branched alkylene group or a monocyclic
or polycyclic cycloalkylene group, and preferably a methyl-
ene group, an ethylene group, a cyclohexylene group, an
adamantylene group, or a norbornylene group.

V represents a group having a structure represented by any
of the general formulae (LC1-1) to (LC1-16).

The repeating unit having a lactone group usually has an
optical isomer, but any optical isomer may be used. One
optical isomer may be used alone or a mixture of a plurality of
optical isomers may be used. In the case of mainly using one
optical isomer, the optical purity (ee) thereof is preferably 90
or more, and more preferably 95 or more.

The content of the repeating units having a lactone group is
preferably from 15 to 60% by mole, more preferably from 20

20

30

35

45

50

65

106

to 50% by mole, and still more preferably from 30 to 50% by
mole, based on all the repeating units in the resin (A").

Specific examples of the repeating unit having a lactone
group are shown below, but the present invention is not lim-
ited thereto.

[Chem. 61]
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The resin (A') preferably has a repeating unit containing a
hydroxyl group or a cyano group. This increases the adher-
ence to a substrate and affinity to a developer. The repeating
unit having a hydroxyl group or a cyano group is preferably a
repeating unit having an alicyclic hydrocarbon structure sub-
stituted with a hydroxyl group or a cyano group. The alicyclic
hydrocarbon structure in the alicyclic hydrocarbon structure
substituted with a hydroxyl group or a cyano group is prefer-
ably an adamantyl group, a diadamantyl group, or a norbor-
nane group. Preferred examples of the alicyclic hydrocarbon
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structures substituted with a hydroxyl group or a cyano group
include the partial structures of the following general formu-
lae (VIla) to (VIId).

[Chem. 64]
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In the general formulae (VIIa) to (VIc),

R,c to R,c each independently represent a hydrogen atom,
a hydroxyl group, or a cyano group, provided that at least one
of R,c to R,c represents a hydroxyl group or a cyano group.
A structure where one or two members out of R,¢ to R,c are
hydroxyl groups with the remaining members being a hydro-
gen atom is preferred. In the general formula (VIla), itis more
preferable that two members out of R,¢ to R,c be hydroxyl
groups and the remaining members be a hydrogen atom.

Examples of the repeating units having partial structures
represented by the general formulae (V1Ia) to (VIId) include
repeating units represented by the following general formulae
(Alla) to (AIId).

[Chem. 65]
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In the general formulae (Alia) to (Alld),

R, c represents a hydrogen atom, a methyl group, a trifluo-
romethyl group, or a hydroxymethyl group.

R,c to R,c have the same meanings as R,c to R,c in the
general formulae (V1la) to (VIlc).

The content of the repeating units having a hydroxyl group
or a cyano group is preferably from 5 to 40% by mole, more
preferably from 5 to 30% by mole, and still more preferably
from 10 to 25% by mole, based on all the repeating units in the
resin (A").

Specific examples of the repeating unit having a hydroxyl
group or a cyano group are shown below, but the present
invention is not limited thereto.
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The resin (A') preferably has a repeating unit having an
alkali-soluble group. Examples of the alkali-soluble group
include a carboxyl group, a sulfonamide group, a sulfonylim-
ide group, a bissulfonylimide group, and an aliphatic alcohol
(for example, a hexafluoroisopropanol group) with the a.-po-
sition being substituted with an electron-withdrawing group,
and more preferably has a repeating unit having a carboxyl
group. By virtue of containing the repeating units having an
alkali-soluble group, the resolution increases in the usage of
forming contact holes. As the repeating unit having an alkali-
soluble group, a repeating unit in which an alkali-soluble
group is directly bonded to the main chain of a resin such as
a repeating unit by an acrylic acid or a methacrylic acid, a
repeating unit in which an alkali-soluble group is bonded to
the main chain of a resin by a connecting group, and a repeat-
ing unit in which a polymerization initiator or a chain transfer
agent having an alkali-soluble group is used in the polymer-
ization to be introduced into the end of a polymer chain are all
preferred, and the connecting group may have a monocyclic
or polycyclic hydrocarbon structure. A repeating unit of
acrylic acid or methacrylic acid is particularly preferred.

The content of the repeating units having an alkali-soluble
group is preferably from 0 to 20% by mole, more preferably
from 3 to 15% by mole, and still more preferably from 5 to
10% by mole, based on the entire repeating units in the resin
(A).

Specific examples of the repeating unit having an alkali-
soluble group are shown below, but the present invention is
not limited thereto.
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The resin (A') may further have an alicyclic hydrocarbon
structure and may have a repeating unit which does not show
acid-decomposability. This can reduce the elution of low
molecular components from a resist film to a liquid for
immersion liquid upon immersion liquid exposure. Examples
of the repeating unit include repeating units of 1-adamantyl
(meth)acrylate, diamantyl (meth)acrylate, tricyclodecanyl
(meth)acrylate, or cyclohexyl (meth)acrylate.

The resin (A') may contain, in addition to the above-de-
scribed repeating structural units, various repeating structural
units for the purpose of controlling the dry etching resistance,
suitability for a standard developer, adherence to a substrate,
a resist profile, and properties generally required of a resist,
such as resolution, heat resistance, and sensitivity.

Examples of such a repeating structural unit include, but
are not limited to, repeating structural units corresponding to
the monomers described below.

The performance required for the resin (A'"), particularly

(1) solubility in a coating solvent,

(2) a film-forming property (glass transition point),
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(3) alkaline developability,

(4) film loss (selection of a hydrophilic, hydrophobic, or

alkali-soluble group),

(5) adherence of an unexposed area to a substrate,

(6) dry etching resistance,

and the like, can be subtly controlled.

The resin (A') can be synthesized according to an ordinary
method (for example, radical polymerization). Examples of
the general synthesis method include a batch polymerization
method in which a monomer species and an initiator are
dissolved in a solvent and heated so as to accomplish poly-
merization and a dropping polymerization method in which a
solution of monomer species and initiator is added by drop-
wise addition to a heated solvent over 1 to 10 hours. The
dropping polymerization method is preferred. Examples of
the reaction solvent include tetrahydrofuran, 1,4-dioxane,
ethers such as diisopropyl ether, ketones such as methyl ethyl
ketone and methyl isobutyl ketone, an ester solvent such as
ethyl acetate, an amide solvent such as dimethylformamide
and dimethylacetamide, and the solvents capable of dissolv-
ing the composition of the present invention as described
later, such as propylene glycol monomethyl ether acetate,
propylene glycol monomethyl ether, and cyclohexanone. The
polymerization is more preferably carried out using the same
solvent as the solvent used in the positive tone resist compo-
sition of the present invention. By this, generation of particles
during storage may be inhibited.

The polymerization reaction is preferably carried out in an
inert gas atmosphere such as nitrogen or argon. Regarding the
polymerization initiator, the polymerization is started using a
commercially available radical initiator (an azo-based initia-
tor, a peroxide, and the like). The radical initiator is preferably
an azo-based initiator, and an azo-based initiator having an
ester group, a cyano group or a carboxyl group is preferred.
Preferred examples of the initiator include azobisisobutyroni-
trile, azobisdimethylvaleronitrile and dimethyl 2,2'-azobis(2-
methylpropionate). The initiator is added additionally or
dividedly, if desired. After the completion of reaction, the
reaction solution is poured into a solvent, and the desired
polymer is collected by powder or solid recovery, or other
methods. The concentration during the reaction is in the range
of 5 to 50% by mass, and preferably 10 to 30% by mass, and
the reaction temperature is usually in the range of 10° C. to
150° C., preferably 30° C.to 120° C., and more preferably 60°
C. to 100° C.

The weight average molecular weight of the resin (A') is
preferably from 1,000 to 200,000, more preferably from
2,000 to 20,000, still more preferably from 3,000 to 15,000,
and particularly preferably from 3,000 to 10,000, in terms of
a polystyrene by means of a GPC method. When the weight
average molecular weight is from 1,000 to 200,000, the dete-
rioration of heat resistance and dry etching resistance, and the
deterioration of developability or a film forming property due
to an increase in viscosity may be prevented.

The dispersity (molecular weight distribution) is usually in
the range of 1 to 3, preferably 1 to 2.6, still more preferably 1
to 2, and particularly preferably 1.4 to 1.7. As the molecular
weight distribution is narrower, the resolution and resist pro-
file are better, the side wall of the resist pattern is smoother,
and the roughness property is more improved.

The resin (Ab) may be used in combination of two or more
kinds thereof.

The addition amount of the resin (Ab) in terms of a total
amount is usually from 10 to 99% by mass, preferably from
20 to 99% by mass, and particularly preferably from 30 to
99% by mass, based on the total solid contents of the com-
position of the present invention.
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In the case where the resin (Ab) contains no acid-generat-
ing repeating unit (B), the content of the fluorine atom-con-
taining repeating unit is preferably 1% by mole or less, and
more preferably, the repeating unit contains no fluorine atom.
In the case where the resin (Ab) has a repeating unit (B), the
repeating unit is a repeating unit other than the repeating unit
(B), and the content of the fluorine atom-containing repeating
unit is more preferably 1% by mole or less, and most prefer-
ably, the repeating unit contains no fluorine atom.

(3) Compound Capable of Generating Acid upon Irradia-
tion with Actinic Rays or Radiation

The composition of the present invention may further
include a compound capable of generating an acid by irradia-
tion with actinic rays or radiation (also hereinafter referred to
a “photo-acid generator”).

As such a photo-acid generator, photoinitiators for photo-
cation polymerization, photoinitiators for photo-radical poly-
merization, photodecoloring agents, photo-discoloring
agents, known compounds that generate an acid by irradiation
with actinic rays or radiation, which are used in microresists,
or the like, mixtures thereof may be suitably selected and
used. Examples thereof include onium salts such as a sulfo-
nium salt and an iodonium salt, and diazodisulfone com-
pounds such as bis(alkylsulfonyldiazomethane).

Preferred examples of the photo-acid generator include the
compounds represented by the following general formulae
(Z1), (Z11) and (ZIID).
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R205_”_|'|_ﬁ_R207
(@] (@]

In the general formula (Z1), R,q;, R5o, and R,; each inde-
pendently represent an organic group. The number of carbon
atoms of the organic group as R,,;, Ry, and R,q5 is, for
example, from 1 to 30, and preferably from 1 to 20.

Two members out of R,,; to R,,; may be bonded to each
other via a single bond or a connecting group to form a ring
structure. In this case, examples of the connecting group
include an ether bond, a thioether bond, an ester bond, an
amide bond, a carbonyl group, a methylene group, and an
ethylene group. Examples of the group formed by combining
two members out of R,,; to R,,; include alkylene groups
such as a butylene group and a pentylene group.

Specific examples of R,q;, R,, and R, ;5 include the cor-
responding groups in the compound (ZI-1), (Z1-2), or (Z1-3)
as described later.

X~ represents a non-nucleophilic anion. Examples of X~
include a sulfonate anion, a bis(alkylsulfonyl)amide anion, a
tris(alkylsulfonyl)methide anion, BF,~, PF,~, and SbF,~. X~
is preferably an organic anion containing a carbon atom.
Preferred examples of the organic anions include organic
anions represented by the following AN1 to AN3.

[Chem. 108]
AN1
Re;—50L
AN2
Re SO,
\
NO©
/
RC]SOZ
AN3
RC]SOZ
\
Re,S0,—C O
Re;805

In the formulae AN1 to AN3, Rc, to Rc; each indepen-
dently represent an organic group. Examples of the organic
group include an organic group having 1 to 30 carbon atoms,
and the organic group is preferably an alkyl group, an aryl
group, or a group formed by connecting a plurality of these
groups through a connecting group. Examples of the connect-
ing group include a single bond, —O—, —CO,—, —S—,
—S80,—and—SO,N(Rd, )—. Here, Rd, represents a hydro-
gen atom or an alkyl group and may form a ring structure
together with the alkyl group or aryl group to which Rd, is
bonded.

The organic group of Re, to Re; may be an alkyl group
substituted with a fluorine atom or a fluoroalkyl group at the
1-position, or a phenyl group substituted with a fluorine atom
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or a fluoroalkyl group. By virtue of having a fluorine atom or
a fluoroalkyl group, the acidity of the acid generated upon
irradiation with light is increased and in turn, the sensitivity of
the actinic ray-sensitive or radiation-sensitive resin composi-
tion is enhanced. Incidentally, each of Rc; to Rc; may be
bonded to another alkyl group, aryl group, or the like to form
a ring structure.

Furthermore, preferred examples of X~ include sulfonic
acid anions represented by the following general formula
(SAD) or (SA2).

[Chem. 109]
(SAL)
SO35”
(D—B),
In the formula (SA1),

Ar, represents an aryl group, and may further have a sub-
stituent other than a -(D-B) group.

n represents an integer of 1 or more, and n is preferably
from 1 to 4, more preferably from 2 to 3, and most preferably
3.

D represents a single bond or a divalent connecting group.
This divalent connecting group is an ether group, a thioether
group, a carbonyl group, a sulfoxide group, a sulfone group,
a sulfonic acid ester group, or an ester group.

B represents a hydrocarbon group.

[Chem. 110]

(SA2)

Xf Ry

'O3S—(—Tﬁx—e%ﬁy—eLﬁz—E

Xf R,

In the formula (SA2),

Xf’s each independently represent a fluorine atom, or an
alkyl group with at least one hydrogen atom being substituted
with at least one fluorine atom.

R, and R, each independently represent a hydrogen atom,
a fluorine atom, an alkyl group, or an alkyl group with at least
one hydrogen atom being substituted with at least one fluo-
rine atom, and in the case where a plurality of R,’s and R,’s
are present, they may be the same as or different from each
other.

L represents a single bond or a divalent connecting group,
and in the case where a plurality of L.’s are present, they may
be the same as or different from each other.

E represents a group having a cyclic structure.

X represents an integer of 1 to 20, y represents an integer of
0 to 10, and z represents an integer of 0 to 10.

First, the sulfonic acid anion represented by the formula
(SA1) will be described in detail.

In the formula (SA1), Ar, is preferably an aromatic ring
having 6 to 30 carbon atoms. Specifically, examples of Ar,
include a benzene ring, a naphthalene ring, a pentalene ring,
an indene ring, an azulene ring, a heptalene ring, an indecene
ring, a perylene ring, a pentacene ring, an acenaphthalene
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ring, a phenanthrene ring, an anthracene ring, a naphthacene
ring, a chrysene ring, a triphenylene ring, a fluorene ring, a
biphenyl ring, a pyrrole ring, a furan ring, a thiophene ring, an
imidazole ring, an oxazole ring, a thiazole ring, a pyridine
ring, a pyrazine ring, a pyrimidine ring, a pyridazine ring, an
indolizine ring, an indole ring, a benzofuran ring, a ben-
zothiophene ring, an isobenzofuran ring, a quinolidine ring, a
quinoline ring, a phthalazine ring, a naphthylidine ring, a
quinoxaline ring, a quinoxazoline ring, an isoquinoline ring,
a carbazole ring, a phenanthridine ring, an acridine ring, a
phenanthroline ring, a thianthrene ring, a chromene ring, a
xanthene ring, a phenoxathiine ring, a phenothiazine ring, and
a phenazine ring. Among these, from the viewpoints of a
balance between the improvement of roughness and the real-
ization of high sensitivity, a benzene ring, a naphthalene ring,
and an anthracene ring are preferred, and a benzene ring is
more preferred.

In the case where Ar, further has a substituent other than a
-(D-B) group, the substituent may be exemplified as follows.
That is, examples of the substituent include halogen atoms
such as a fluorine atom, a chlorine atom, a bromine atom and
an iodine atom; alkoxy groups such as a methoxy group, an
ethoxy group and a tert-butoxy group; aryloxy groups such as
a phenoxy group and a p-tolyloxy group; alkylthioxy groups
such as a methylthioxy group, an ethylthioxy group and a
tert-butylthioxy group; arylthioxy groups such as a phenylth-
ioxy group and a p-tolylthioxy group; alkoxycarbonyl groups
such as a methoxycarbonyl group, a butoxycarbonyl group
and a phenoxycarbonyl group; acetoxy groups; linear alkyl
groups such as a methyl group, an ethyl group, a propyl group,
a butyl group, a heptyl group, a hexyl group, a dodecyl group
and a 2-ethylhexyl group; branched alkyl groups; alkenyl
groups such as a vinyl group, a propenyl group and a hexenyl
group; acetylene groups; alkynyl groups such as a propynyl
group and a hexynyl group; aryl groups such as a phenyl
group and a tolyl group; a hydroxy group; a carboxy group;
and a sulfonic acid group. Among these, from the viewpoint
of the improvement of roughness, linear alkyl groups and
branched alkyl groups are preferred.

In the formula (SA1), D is preferably a single bond, or an
ether group or ester group. More preferably, D is a single
bond.

In the formula (SA1), B is, for example, an alkyl group, an
alkenyl group, an alkynyl group, an aryl group or a cycloalkyl
group. B is, preferably, an alkyl group or a cycloalkyl group.
The alkyl group, the alkenyl group, the alkynyl group, the aryl
group, or the cycloalkyl group as B may have a substituent.

The alkyl group as B is preferably a branched alkyl group.
Examples of the branched alkyl group include an isopropyl
group, a tert-butyl group, a tert-pentyl group, a neopentyl
group, a sec-butyl group, an isobutyl group, an isohexyl
group, a 3,3-dimethylpentyl group, and a 2-ethylhexyl group.

The cycloalkyl group as B may be either a monocyclic
cycloalkyl group or a polycyclic cycloalkyl group. Examples
of the monocyclic cycloalkyl group include a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group and a cyclooctyl group. Examples
of the polycyclic cycloalkyl group include an adamantyl
group, anorbornyl group, a bornyl group, a camphenyl group,
a decahydronaphthyl group, a tricyclodecanyl group, a tetra-
cyclodecanyl group, a camphoroyl group, a dicyclohexyl
group and a pinenyl group.

In the case where the alkyl group, the alkenyl group, the
alkynyl group, the aryl group, or the cycloalkyl group as B has
a substituent, the substituent may be exemplified as follows.
That is, examples of the substituent include halogen atoms
such as a fluorine atom, a chlorine atom, a bromine atom and
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an iodine atom; alkoxy groups such as a methoxy group, an
ethoxy group and a tert-butoxy group; aryloxy groups such as
a phenoxy group and a p-tolyloxy group; alkylthioxy groups
such as a methylthioxy group, an ethylthioxy group and a
tert-butylthioxy group; arylthioxy groups such as a phenylth-
ioxy group and a p-tolylthioxy group; alkoxycarbonyl groups
such as a methoxycarbonyl group, a butoxycarbonyl group
and a phenoxycarbonyl group; acetoxy groups; linear alkyl
groups such as a methyl group, an ethyl group, a propyl group,
a butyl group, a heptyl group, a hexyl group, a dodecyl group
and a 2-ethylhexyl group; branched alkyl groups; cycloalkyl
groups such as a cyclohexyl group; alkenyl groups such as a
vinyl group, a propenyl group and a hexenyl group; acetylene
groups; alkynyl groups such as a propynyl group and a hexy-
nyl group; aryl groups such as a phenyl group and a tolyl
group; a hydroxy group; a carboxy group; and a sulfonic acid
group. Among these, from the viewpoint of a balance between
the improvement of roughness and the realization of high
sensitivity, linear alkyl groups and branched alkyl groups are
preferred.

Next, the sulfonic acid anion represented by the formula
(SA2) will be described in detail.

In the formula (SA2), Xf is a fluorine atom or an alkyl
group with at least one hydrogen atom being substituted with
at least one fluorine atom. The alkyl group preferably has 1 to
10 carbon atoms, and more preferably 1 to 4 carbon atoms.
Further, the alkyl group substituted with fluorine atoms is
preferably a perfluoroalkyl group.

Xf is preferably a fluorine atom or a perfluoroalkyl group
having 1 to 4 carbon atoms. Specifically, Xf is preferably a
fluorine atom, CF;, C,Fs, C;F,, C,Fy, CSF,, CF 5, C/Fy 5,
CqF,,, CH,CF;, CH,CH,CF;, CH,C,Fs;, CH,CH,C,F,,
CH,C,F,, CH,CH,C,F, CH,C,F,, or CH,CH,C,F,.
Among these, a fluorine atom or CF; is preferred, and a
fluorine atom is most preferred.

Inthe formula (SA2), eachof R; and R, is a group selected
from a hydrogen atom, a fluorine atom, an alkyl group, and an
alkyl group with at least one hydrogen atom being substituted
with at least one fluorine atom. The alkyl group which may be
substituted with fluorine atom(s) preferably has 1 to 4 carbon
atoms. Further, the alkyl group which may be substituted with
fluorine atom(s) is particularly preferably a perfluoroalkyl
group having 1 to 4 carbon atoms. Specific examples thereof
include CF;, C,Fs, CF,, C,F,, CsF ||, C4F, 5, CF 5, CF 5,
CH,CF,, CH,CH,CF;, CH,C,F;, CH,CH,C,F;, CH,C,F,
CH,CH,C,F,, CH,C,F,, and CH,CH,C,F,, and among
these, CF; is preferred.

In the formula (SA2), x is preferably from 1 to 8, and more
preferably from 1 to 4.y is preferably from O to 4, and more
preferably O. z is preferably from O to 8, and more preferably
from 0 to 4.

In the formula (SA2), L represents a single bond or a
divalent connecting group. Examples of the divalent connect-
ing group include —COO—, —OCO—, —CO—, —O—,
—S—, —SO—, —S80,—, an alkylene group, a cycloalky-
lene group, and an alkenylene group. Among these,

—S0,—is preferred, and —COO—, —OCO— or —SO,—
is more preferred.

In the formula (SA2), E represents a group having a ring
structure. Examples of E include a cyclic aliphatic group, an
aryl group, and a group having a heterocyclic structure.

The cyclic aliphatic group as E may have a monocyclic
structure or a polycyclic structure. As the cyclic aliphatic
group having a monocyclic structure, monocyclic cycloalkyl
groups such as a cyclopentyl group, a cyclohexyl group and a
cyclooctyl group are preferred. As the cyclic aliphatic group
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having a polycyclic structure, polycyclic cycloalkyl groups
such as a norbornyl group, a tricyclodecanyl group, a tetra-
cyclodecanyl group, a tetracyclododecanyl group and an ada-
mantyl group are preferred. Particularly, in the case where a
cyclic aliphatic group having a structure with a high volume,
such as a 6 or more-membered ring is employed as E, the
diffusion in the film at the step of PEB (post-exposure heat-
ing), and thus, the resolution and EL (exposure latitude) can
be further improved.

The aryl group as E is, for example, a benzene ring, a
naphthalene ring, a phenanthrene ring, or an anthracene ring.

The group having a heterocyclic structure as E may or may
not have aromatic properties. As the heteroatom contained in
the group, a nitrogen atom or an oxygen atom is preferred.
Specific examples of the heterocyclic structure include a
furan ring, a thiophene ring, a benzofuran ring, a ben-
zothiophene ring, a dibenzofuran ring, a dibenzothiophene
ring, a pyridine ring, a piperidine ring and a morpholine ring.
Among these, a furan ring, a thiophene ring, a pyridine ring,
a piperidine ring, and a morpholine ring are preferred.

E may have a substituent. Examples of the substituent
include alkyl groups (being linear, branched, or cyclic, and
preferably having 1 to 12 carbon atoms), aryl groups (prefer-
ably having 6 to 14 carbon atoms), a hydroxy group, an
alkoxy group, an ester group, an amide group, a urethane
group, a ureido group, a thioether group, a sulfonamide group
and a sulfonic acid ester group.

Examples of the sulfonic acid anion represented by the
general formula (SA1) or (SA2) include the following.

[Chem. 111]
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As the photo-acid generator, a compound having a plurality
of structures represented by the general formula (Z]) may be
also used. For example, the compound may be a compound
having a structure where at least one of R,,, to R,,; in a
compound represented by the general formula (ZI) is bonded
to at least one of R,,, to R,y; of another compound repre-
sented by the general formula (ZI).

More preferred examples of the (ZI) component include
the compounds (ZI-1) to (Z1-4) as described below.

For the compound (ZI-1), at least one of R, to R, in the
general formula (ZI) is an aryl group. That is, the compound
(Z1-1) is an arylsulfonium compound, that is, a compound
having arylsulfonium as a cation.

For the compound (ZI-1), all of R, to R,,; may be aryl
groups, or parts of R, to R,,; may be aryl groups with the
remaining groups being alkyl groups. Further, in the case
where the compound (ZI-1) has a plurality of aryl groups,
these aryl groups may be the same as or different from each
other.

Examples of the compound (ZI-1) include a triarylsulfo-
nium compound, a diarylalkylsulfonium compound and an
aryldialkylsulfonium compound.

As the aryl group in the compound (Z1-1), a phenyl group,
a naphthyl group, or a heteroaryl group such as an indole
residue and a pyrrole residue is preferred, and a phenyl group,
a naphthyl group, or an indole residue is particularly pre-
ferred.

The alkyl group which is contained, if desired, in the com-
pound (ZI-1) is preferably a linear, branched, or cyclic alkyl
group having 1 to 15 carbon atoms, and examples thereof
include a methyl group, an ethyl group, a propyl group, an
n-butyl group, a sec-butyl group, a t-butyl group, a cyclopro-
py! group, a cyclobutyl group and a cyclohexyl group.

These aryl groups and alkyl groups may have substituents.
Examples of the substituents include an alkyl group (prefer-
ably having 1 to 15 carbon atoms), an aryl group (preferably
having 6 to 14 carbon atoms), an alkoxy group (preferably
having 1 to 15 carbon atoms), a halogen atom, a hydroxyl
group, and a phenylthio group.

Preferred examples of the substituent include a linear,
branched, or cyclic alkyl group having 1 to 12 carbon atoms,
and a linear, branched, or cyclic alkoxy group having 1 to 12
carbon atoms. Particularly preferred examples of the substitu-
ent include an alkyl group having 1 to 6 carbon atoms and an
alkoxy group having 1 to 6 carbon atoms. The substituent may
be substituted on any one of three members R,,; to R,o5 or
may be substituted on all of these members. In the case where
R,q; to R,q5 are a phenyl group, the substituent is preferably
substituted at the p-position of the aryl group.

Furthermore, it is also preferable that one or two members
out of R,,,, R54, and R,,; be an optionally substituted aryl
group and the remaining groups be linear, branched, or cyclic
alkyl groups. Specific examples of the structures include the
structures described in paragraphs 0141 to 0153 of JP2004-
210670A.

10

15

20

25

30

35

40

45

50

55

60

65

240

Here, specific examples of the aryl group include the same
aryl groups as R, R,o, and R, 5. It is preferable for the aryl
group to have any one of a hydroxyl group, an alkoxy group,
and an alkyl group as a substituent. The substituent is more
preferably an alkoxy group having 1 to 12 carbon atoms, and
still more preferably an alkoxy group having 1 to 6 carbon
atoms.

The linear, branched, or cyclic alkyl groups of the remain-
ing groups are preferably alkyl groups having 1 to 6 carbon
atoms. These groups may further have substituents. When
two remaining groups exist, they may be bonded to each other
to form a ring structure.

The compound (ZI-1) is, for example, a compound repre-
sented by the following general formula (ZI-1A).

[Chem. 112]
(ZI-1A)
Rys
(Rya)r
Rjs—S !
o
Rys

In the general formula (ZI-1A),

R, ; represents a hydrogen atom, fluorine atom, a hydroxyl
group, an alkyl group, a cycloalkyl group, an alkoxy group, a
cycloalkyloxy group, or an alkoxycarbonyl group.

In the case of a plurality of R, ,’s being present, they each
independently represent an alkyl group, a cycloalkyl group,
an alkoxy group, an alkylsulfonyl group, or a cycloalkylsul-
fonyl group.

R,5’s each independently represent an alkyl group or a
cycloalkyl group. Two R, 5’s may be bonded to each other to
form a ring structure.

1 represents an integer of O to 2.

r represents an integer of 0 to 8.

X~ represents a non-nucleophilic anion and examples
thereof include the same X™’s in the general formula (ZI).

The alkyl group of R |5, R, or R, 5 may be either a linear
alkyl group or a branched alkyl group. The alkyl group pret-
erably has 1 to 10 carbon atoms, and examples thereofinclude
amethyl group, an ethyl group, an n-propyl group, an i-propyl
group, an n-butyl group, a 2-methylpropyl group, a 1-meth-
ylpropyl group, a t-butyl group, an n-pentyl group, a neopen-
tyl group, an n-hexyl group, an n-heptyl group, an n-octyl
group, a 2-ethylhexyl group, an n-nonyl group, and an n-decyl
group. Among these, a methyl group, an ethyl group, an
n-butyl group and a t-butyl group are particularly preferred.

Examples of the cycloalkyl group of R,;, R, or R 5
include a cyclopropyl group, a cyclobutyl group, a cyclopen-
tyl group, a cyclohexyl group, a cycloheptyl group, a cyclooc-
tyl group, a cyclododecanyl group, a cyclopentenyl group, a
cyclohexenyl and a cyclooctadienyl group. Among these, a
cyclopropyl group, a cyclopentyl group, a cyclohexyl group,
and a cyclooctyl group are particularly preferred.

Examples of the alkyl group moiety in the alkoxy group of
R,; or R, include those exemplified above as the alkyl group
ofR,;, R, or R, 5. As the alkoxy group, a methoxy group, an
ethoxy group, an n-propoxy group, and an n-butoxy group are
particularly preferred.

Examples of the cycloalkyl group moiety in the cycloalky-
loxy group of R,; include those exemplified above as the
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cycloalkyl group of R;;, R, or R;5. As the cycloalkyloxy
group, a cyclopentyloxy group and a cyclohexyloxy group
are particularly preferred.

Examples of the alkoxy group moiety in the alkoxycarbo-
nyl group of R,; include those exemplified above as the
alkoxy group of R,; or R,,. As the alkoxycarbonyl group, a
methoxycarbonyl group, an ethoxycarbonyl group, and an
n-butoxycarbonyl group are particularly preferred.

Examples of the alkyl group moiety in the alkylsulfonyl
group of R,, include those exemplified above as the alkyl
group of R 5, R, or R, 5. Further, examples of the cycloalkyl
group moiety in the cycloalkylsulfonyl group of R, include
those exemplified above as the cycloalkyl group of R | 5, R, , or
R, 5. As the alkylsulfonyl group or cycloalkylsulfonyl group,
a methanesulfonyl group, an ethanesulfonyl group, an n-pro-
panesulfonyl group, an n-butanesulfonyl group, a cyclopen-
tanesulfonyl group and a cyclohexanesulfonyl group are par-
ticularly preferred.

lis preferably O or 1, and more preferably 1. r is preferably
Oto2.

Each of the groups of R, 5, R, , and R 5 may further have a
substituent. Examples of the substituent include halogen
atoms such as a fluorine atom, a hydroxy group, a carboxy
group, a cyano group, a nitro group, an alkoxy group, a
cycloalkyloxy group, an alkoxyalkyl group, a cycloalkyloxy-
alkyl group, an alkoxycarbonyl group, a cycloalkyloxycarbo-
nyl group, an alkoxycarbonyloxy group, and a cycloalkyloxy-
carbonyloxy group.

The alkoxy group may be linear or branched. Examples of
the alkoxy group include those having 1 to 20 carbon atoms,
such as a methoxy group, an ethoxy group, an n-propoxy
group, an i-propoxy group, an n-butoxy group, a 2-methyl-
propoxy group, a 1-methylpropoxy group and a t-butoxy
group.

Examples of the cycloalkyloxy group include those having
3 to 20 carbon atoms, such as a cyclopentyloxy group and a
cyclohexyloxy group.

The alkoxyalkyl group may be linear or branched.
Examples of the alkoxyalkyl group include those having 2 to
21 carbon atoms, such as a methoxymethyl group, an
ethoxymethyl group, a 1-methoxyethyl group, a 2-methoxy-
ethyl group, a 1-ethoxyethyl group, and 2-ethoxyethyl group.

Examples of the cycloalkyloxyalkyl group include those
having 4 to 21 carbon atoms, such as a cyclohexyloxymethyl
group, a cyclopentyloxymethyl group, and a cyclohexyloxy-
ethyl group.

The alkoxycarbonyl group may be linear or branched.
Examples of the alkoxycarbonyl group include those having
2 to 21 carbon atoms, such as a methoxycarbonyl group, an
ethoxycarbonyl, n-propoxycarbonyl group, an i-propoxycar-
bonyl group, an n-butoxycarbonyl group, a 2-methylpro-
poxycarbonyl group, a 1-methylpropoxycarbonyl group, and
a t-butoxycarbonyl group.

Examples of the cycloalkyloxycarbonyl group include
those having 4 to 21 carbon atoms, such as a cyclopentyloxy-
carbonyl group and a cyclohexyloxycarbonyl group.

The alkoxycarbonyloxy group may be linear or branched.
Examples of the alkoxycarbonyloxy group include those hav-
ing 2 to 21 carbon atoms, such as a methoxycarbonyloxy
group, an ethoxycarbonyloxy group, an n-propoxycarbony-
loxy group, an i-propoxycarbonyloxy group, an n-butoxycar-
bonyloxy group, and a t-butoxycarbonyloxy group.

Examples of the cycloalkyloxycarbonyloxy group include
those having 4 to 21 carbon atoms, such as a cyclopentyloxy-
carbonyloxy group and a cyclohexyloxycarbonyloxy group.

As the ring structure which may be formed by the mutual
bonding of two R5’s, structures that form a 5- or 6-mem-
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bered ring together with the S atom in the formula (ZI-1A) are
preferred, and structures that form a 5-membered ring (that is,
a tetrahydrothiophene ring) are particularly preferred.

The ring structure may further have a substituent.
Examples of the substituent include a hydroxy group, a car-
boxy group, a cyano group, a nitro group, an alkoxy group, an
alkoxyalkyl group, an alkoxycarbonyl group, and an alkoxy-
carbonyloxy group.

As R, 5, a methyl group, an ethyl group, and a divalent
group that forms a tetrahydrothiophene ring structure by the
mutual bonding of two R, 5’s together with a sulfur atom are
particularly preferred.

The alkyl group, the cycloalkyl group, the alkoxy group
and the alkoxycarbonyl group of R, 5, and the alkyl group, the
cycloalkyl group, the alkoxy group, the alkylsulfonyl group
and the cycloalkylsulfonyl group of R, may further have a
substituent. As the substituent, a hydroxy group, an alkoxy
group, an alkoxycarbonyl group, and a halogen atom (par-
ticularly a fluorine atom) are preferred.

Preferred specific examples of the cation in the compound
represented by the general formula (ZI-1A) are shown below.

[Chem. 113]
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Next, the compound (Z1-2) will be described.

The compound (Z1-2) is a compound in which R, to R,
in the formula (ZI) each independently represent an aromatic
ring-free organic group. The aromatic ring as used herein
includes an aromatic ring containing a heteroatom.

The aromatic ring-free organic group as R,,; to R,,; has 1
to 30 carbon atoms, and preferably 1 to 20 carbon atoms.

R,,; to R,,; are each independently preferably an alkyl
group, a 2-oxoalkyl group, an alkoxycarbonylmethyl group,
an allyl group, or a vinyl group, more preferably a linear,
branched, or cyclic 2-oxoalkyl group or an alkoxycarbonyl-
methyl group, and particularly preferably a linear or branched
2-oxoalkyl group.

The alkyl group as R, to R,; may be linear, branched, or
cyclic, and preferred examples thereof include linear or
branched alkyl groups having 1 to 10 carbon atoms (for
example, a methyl group, an ethyl group, a propyl group, a
butyl group, and a pentyl group) and cycloalkyl groups hav-
ing 3 to 10 carbon atoms (a cyclopentyl group, a cyclohexyl
group, or a norbornyl group).
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The 2-oxoalkyl group as R,y to R,,; may be linear,
branched or cyclic, and preferred examples thereof include a
group having >C—0 at the 2-position of the above-described
alkyl group.

Preferred examples of the alkoxy group in the alkoxycar-
bonylmethyl group as R,,; to R,; include an alkoxy group
having 1 to 5 carbon atoms (a methoxy group, an ethoxy
group, a propoxy group, a butoxy group, and a pentoxy
group).

R,q; to R,o; may be further substituted with, for example,
ahalogen atom, an alkoxyl group (for example, having 1 to 5
carbon atoms), a hydroxyl group, a cyano group, and/or a
nitro group.

Two members out of R,; to R,,; may be bonded to each
other to form a ring structure, and the ring structure may
contain an oxygen atom, a sulfur atom, an ester bond, an
amide bond, and/or a carbonyl group in the ring. Examples of
the group formed by the mutual bonding of two members out
of R,q; to R, include alkylene groups (for example, a buty-
lene group and a pentylene group).

Next, the compound (ZI-3) will be described.

The compound (ZI1-3) is a compound represented by the
following general formula (Z1-3), which is a compound hav-
ing a phenacylsulfonium structure.

[Chem. 114]
(Z1-3)
Ry (€] Ry
I
Ry, S
Ry
X
Rec Ryc
R3c RSC
Rye

In the formula, R, . to R;,. each independently represent a
hydrogen atom, an alkyl group, an alkoxy group, or a halogen
atom. The number of carbon atoms of the alkyl group and the
alkoxy group is preferably from 1 to 6.

R, and R, represent a hydrogen atom or an alkyl group.
The number of carbon atoms of the alkyl group is preferably
from 1 to 6.

R, and R, each independently represent an alkyl group, a
2-oxoalkyl group, an alkoxycarbonylmethyl group, an allyl
group, or a vinyl group. The number of carbon atoms of the
atomic group is preferably from 1 to 6.

Any two or more members out of R, .to R, may be bonded
to each other to form a ring structure, and the ring structure
may contain an oxygen atom, a sulfur atom, an ester bond,
and/or an amide bond.

X~ in the general formula (Z1-3) has the same definition as
X in the general formula (ZI).

Specific examples of the compound (ZI-3) include the
compounds as the compounds exemplified in paragraphs
0047 and 0048 of JP2004-233661A and paragraphs 0040 to
0046 of JP2003-35948A.

Next, the compound (ZI-4) will be described.

The compound (Z1-4) is a compound having a cation rep-
resented by the following general formula (Z1-4). This com-
pound (Z1-4) is effective to suppress outgassing.
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[Chem. 115]
(Z1-4)
Rl 1
RIZ RIO
R13 R9
R! RS
R2 St R’
R3 z RS
R* R’

In the general formula (Z1-4),

R! to R*? each independently represent a hydrogen atom or
a substituent. At least one of R! to R'? is preferably a sub-
stituent containing an alcoholic hydroxyl group. Further, the
term ““alcoholic hydroxyl group” as used herein means a
hydroxyl group bonded to a carbon atom of an alkyl group.

Z represents a single bond or a divalent connecting group.

In the case where R! to R'? are each a substituent contain-
ing an alcoholic hydroxyl group, R* to R are each preferably
a group represented by —(W—Y), wherein Y is an alkyl
group substituted with a hydroxyl group and W is a single
bond or a divalent connecting group.

Preferred examples of the alkyl group represented by Y
include an ethyl group, a propyl group and an isopropyl
group. Y particularly preferably contains a structure repre-
sented by —CH,CH,OH.

The divalent connecting group represented by W is not
particularly limited, but is preferably a single bond or a diva-
lent group formed by substituting a single bond for an arbi-
trary hydrogen atom of an alkoxy group, an acyloxy group, an
acylamino group, an alkyl- or aryl-sulfonylamino group, an
alkylthio group, an alkylsulfonyl group, an acyl group, an
alkoxycarbonyl group or a carbamoyl group, and more pref-
erably a single bond or a divalent group formed by substitut-
ing a single bond for an arbitrary hydrogen atom of an acy-
loxy group, an alkylsulfonyl group, an acyl group or an
alkoxycarbonyl group.

In the case where R” to R*? are a substituent containing an
alcoholic hydroxyl group, the number of carbons contained
therein is preferably from 2 to 10, more preferably from 2 to
6, and particularly preferably from 2 to 4.

The alcoholic hydroxyl group-containing substituent as R*
to R'® may have two or more alcoholic hydroxyl groups. The
number of alcoholic hydroxyl groups in the alcoholic
hydroxyl group-containing substituent as R* to R*? is from 1
to 6, preferably from 1 to 3, and more preferably 1.

The number of alcoholic hydroxyl groups contained in the
compound represented by the general formula (Z1-4) is, in
total of all of R* to R™?, from 1 to 10, preferably from 1 to 6,
and more preferably from 1 to 3.

In the case where R* to R'? contain no alcoholic hydroxyl
group, examples of the substituent as R* to R'? include a
halogen atom, an alkyl group, a cycloalkyl group, an alkenyl
group, a cycloalkenyl group, an alkynyl group, an aryl group,
heterocycle group, a cyano group, a nitro group, a carboxy
group, an alkoxy group, an aryloxy group, a silyloxy group,
heterocyclic oxy group, an acyloxy group, a carbamoyloxy
group, an alkoxycarbonyloxy group, an aryloxycarbonyloxy
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group, an amino group (including an anilino group), an
ammonio group, an acylamino group, an aminocarbony-
lamino group, an alkoxycarbonylamino group, an aryloxy-
carbonylamino group, a sulfamoylamino group, an alkyl- or
aryl-sulfonylamino group, a mercapto group, an alkylthio
group, an arylthio group, a heterocyclic thio group, a sulfa-
moyl group, a sulfo group, an alkyl- or aryl-sulfinyl group, an
alkyl- or aryl-sulfonyl group, an acyl group, an aryloxycar-
bonyl group, an alkoxycarbonyl group, a carbamoyl group, an
aryl- or heterocyclic azo group, an imide group, a phosphino
group, a phosphinyl group, a phosphinyloxy group, a phos-
phinylamino group, a phosphono group, a silyl group, a
hydrazino group, a ureido group, a boronic acid group (—B
(OH),), a phosphato group (—OPO(OH),), a sulfato group
(—OSO;H), and other known substituents.

In the case where R* to R'? contain no alcoholic hydroxyl
group, R* to R'? are each preferably a hydrogen atom, a
halogen atom, an alkyl group, a cycloalkyl group, an alkenyl
group, a cycloalkenyl group, an alkynyl group, an aryl group,
a cyano group, a carboxy group, an alkoxy group, an aryloxy
group, an acyloxy group, a carbamoyloxy group, an acy-
lamino group, an aminocarbonylamino group, an alkoxycar-
bonylamino group, an aryloxycarbonylamino group, a sulfa-
moylamino group, an alkyl- or aryl-sulfonylamino group, an
alkylthio group, an arylthio group, a sulfamoyl group, an
alkyl- or aryl-sulfonyl group, an aryloxycarbonyl group, an
alkoxycarbonyl group, a carbamoyl group, an imide group, a
silyl group, or a ureido group.

In the case where R! to R'® contain no alcoholic hydroxyl
group, R* to R'? are each more preferably a hydrogen atom, a
halogen atom, an alkyl group, a cycloalkyl group, a cyano
group, an alkoxy group, an acyloxy group, an acylamino
group, an aminocarbonylamino group, an alkoxycarbony-
lamino group, an alkyl- or aryl-sulfonylamino group, an alky-
Ithio group, a sulfamoyl group, an alkyl- or aryl-sulfonyl
group, an alkoxycarbonyl group, or a carbamoyl group.

In the case where R! to R'® contain no alcoholic hydroxyl
group, R! to R'? are each particularly preferably a hydrogen
atom, an alkyl group, a cycloalkyl group, a halogen atom, or
an alkoxy group.

Two adjacent members out of R' to R'> may be bonded to
each other to form a ring structure. This ring structure
includes an aromatic or non-aromatic hydrocarbon ring and a
heterocycle. These ring structures may be further combined
with each other to form a condensed ring.

The compound (Z1-4) preferably has a structure where at
least one of R* to R*? contains an alcoholic hydroxyl group,
and more preferably a structure where at least one of R° toR*?
contains an alcoholic hydroxyl group.

Z represents, as described above, a single bond or a divalent
connecting group. Examples of the divalent connecting group
include an alkylene group, an arylene group, a carbonyl
group, a sulfonyl group, a carbonyloxy group, a carbony-
lamino group, a sulfonylamide group, an ether group, a thio-
ether group, an amino group, a disulfide group, an acyl group,
an alkylsulfonyl group, —CH—CH—, an aminocarbony-
lamino group, and an aminosulfonylamino group.

The divalent connecting group may have a substituent.
Examples of the substituent thereof are the same as those
enumerated above with respect to R' to R*?

Z. is preferably a non-electron-withdrawing bond or group
such as a single bond, an alkylene group, an arylene group, an
ether group, a thioether group, an amino group,
—CH—CH—, an aminocarbonylamino group, and an ami-
nosulfonylamino group, more preferably a single bond, an
ether group, or a thioether group, and particularly preferably
a single bond.
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The general formulae (ZI1) and (ZIII) will be described
below.

In the general formulae (Z11) and (ZI1I), R4, to R, each
independently represent an aryl group, an alkyl group, or a
cycloalkyl group. The aryl group, the alkyl group, and the
cycloalkyl group may have a substituent.

Preferred examples of the aryl group as R, to R,
include the groups enumerated above with respect to R, to
R,05 in the compound (Z1-1).

Preferred examples of the alkyl group and the cycloalkyl
group as R,y, to R,,, include the linear, branched or
cycloalkyl groups enumerated above with respect to R, to
R, in the compound (ZI-2).

Further, X™’s in the general formulae (ZII) and (ZIII) have
the same definitions as X~ in the general formula (ZI).

Other preferred examples of the photo-acid generator
include the compounds represented by the following general
formula (ZIV), (ZV), or (ZV]).

[Chem. 116]
ZIV
Ar;—S0,—80,— Ar,
VAY
0
RZOS—SOZ—O—NJKA
0
ZVI

O—S0,—Ryog
I\Il/

R210 Rago

In the general formulae (ZIV) to (ZVI),

Ar; and Ar, each independently represent a substituted or
unsubstituted aryl group.

R,05’s of the general formulae (ZV) and (ZV]) each inde-
pendently represent an alkyl group, a cycloalkyl group or an
aryl group. These alkyl groups, cycloalkyl groups, and aryl
groups may or may not be substituted.

These groups are preferably substituted with a fluorine
atom. This can increase the strength of the acid generated
from the photo-acid generator.

R,qe and R, each independently represent an alkyl group,
acycloalkyl group, an aryl group, or an electron-withdrawing
group. The alkyl group, the cycloalkyl group, the aryl group,
and the electron-withdrawing group may or may not be sub-
stituted.

Preferred examples of R, include a substituted or unsub-
stituted aryl group.

Preferred examples of R, include an electron-withdraw-
ing group. Examples of this electron-withdrawing group
include a cyano group and a fluoroalkyl group.

A represents an alkylene group, an alkenylene group, or an
arylene group. The alkylene group, the alkenylene group, and
the arylene group may have a substituent.

Moreover, as the photo-acid generator, a compound having
a plurality of structures represented by the general formula
(ZV1) is also preferred. Examples of the compound include a
compound having a structure where R, or R, in a com-
pound represented by the general formula (ZVI) is bonded to
R,qs 0r R, in another compound represented by the general
formula (ZVI).
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The photo-acid generator is more preferably a compound
represented by any of the general formulae (Z1) to (ZI11), still
more preferably a compound represented by the general for-
mula (ZI), and particularly preferably the compounds (Z1-1)
to (ZI-3).

As the acid generator used in the present invention, a com-
pound having a group capable of decomposing by the action

[Chem. 117]

St F;C—S03”
3

St CgF7—S05”

C4Fe—S05"
s+ C4Fe—S05°
s,
Om CsF17—S05"
O
CgF17—S05"

;
SR

B-1

B-3

B-5

B-7

B-9
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of'an acid to increase the solubility in an alkali developer can
also be preferably used. Examples of such an acid generator
include the compounds described in JP2005-97254A and
JP2007-199692A, and the like.

Specific examples of the photo-acid generator are shown
below, but the present invention is not limited thereto.
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Furthermore, the photo-acid generator may be used alone
or in combination of two or more kinds thereof. In the latter
case, compounds capable of generating two kinds of organic
acids differing in the number of all atoms excluding hydrogen
atom by 2 or more are preferably combined.

Furthermore, the content of the photo-acid generator is
preferably from 0.1 to 50% by mass, more preferably from
0.5 to 40% by mass, and still more preferably from 1 to 30%
by mass, based on the total solid contents of the composition.

(4) Resin (Aa)

The composition according to the present invention may
further contain a resin (Aa) containing at least either one of a
fluorine atom and a silicon atom.

In the resin (Aa), at least either one of a fluorine atom and
a silicon atom may be contained in the main chain or the side
chain of the resin.

In the case where the resin (Aa) contains fluorine atoms,
the resin preferably contains, as the fluorine atom-containing
partial structure, a fluorine atom-containing alkyl group, a
fluorine atom-containing cycloalkyl group or a fluorine atom-
containing aryl group.

The fluorine atom-containing alkyl group, preferably hav-
ing 1 to 10 carbon atoms, and more preferably 1 to 4 carbon
atoms, is a linear or branched alkyl group with at least one
hydrogen atom substituted with a fluorine atom, and may
further have another substituent.

The fluorine atom-containing cycloalkyl group is a mono-
cyclic or polycyclic cycloalkyl group with at least one hydro-

40 gen atom being substituted by a fluorine atom. This fluorine
atom-containing cycloalkyl group may further have another

substituent other than fluorine atoms.

The fluorine atom-containing aryl group is an aryl group
with at least one hydrogen atom being substituted by a fluo-
rine atom. Examples of this aryl group include a phenyl group
and a naphthyl group. The fluorine atom-containing aryl
group may further have a substituent other than fluorine
atoms.

45

50  Examples of the fluorine atom-containing alkyl group, the
fluorine atom-containing cycloalkyl group, and the fluorine
atom-containing aryl group include a group represented by
any one of the following general formulae (F2)to (F4), butthe

present invention is not limited thereto.
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In the general formulae (F2) to (F4),

Rs, to R4g each independently represent a hydrogen atom,
a fluorine atom, or an (linear or branched) alkyl group, pro-
vided that at least one of R, to R, atleast one of R, to R,
and at least one of R¢5 to Ry represent a fluorine atom or an
alkyl group (preferably 1 to 4 carbon atoms) with at least one
hydrogen atom substituted with a fluorine atom.

It is preferable that all of Ry, to Ry, and Rgs to Ry, be
fluorine atoms. R, R, and Ry, are each preferably a fluo-
roalkyl group (preferably having 1 to 4 carbon atoms), and
more preferably a perfluoroalkyl group having 1 to 4 carbon
atoms. When R, and R are each a perfluoroalkyl group, R,
is preferably a hydrogen atom. Further, R, and R, may be
connected to each other to form a ring.

Specific examples of the group represented by the general
formula (F2) include a p-fluorophenyl group, a pentafluo-
rophenyl group, and a 3,5-di(trifluoromethyl)phenyl group.

Specific examples of the group represented by the general
formula (F3) include a trifluoromethyl group, a pentafluoro-
propyl group, a pentafluoroethyl group, a heptatluorobutyl
group, a hexafluoroisopropyl group, a heptafluoroisopropyl
group, a hexafluoro(2-methyl)isopropyl group, a nonafluo-
robutyl group, an octafluoroisobutyl group, a nonatluoro-
hexyl group, a nonafluoro-t-butyl group, a perfluoroisopentyl
group, a perfluorooctyl group, a perfluoro(trimethyl)hexyl
group, a 2,2,3,3-tetrafluorocyclobutyl group, and a perfluo-
rocyclohexyl group, with a hexafluoroisopropyl group, a hep-
tafluoroisopropyl group, a hexafluoro(2-methyl)isopropyl
group, an octafluoroisobutyl group, a nonafluoro-t-butyl
group, and a perfluoroisopentyl group being preferred, and a
hexafluoroisopropyl group and a heptafluoroisopropyl group
being more preferred.

Specific examples of the group represented by the general
formula (F4) include —C(CF;),0OH, —C(C,F5),OH,
—C(CF,)(CH;)OH, and —CH(CF,)OH, and among these,
—C(CF;),OH is preferred.

The fluorine atom-containing partial structure may be
bonded directly to the main chain or may be bonded to the
main chain through a group selected from the group consist-
ing of an alkylene group, a phenylene group, an ether bond, a
thioether bond, a carbonyl group, an ester bond, an amide
bond, a urethane bond, and a ureylene bond, or a group
formed by a combination of two or more thereof.

Preferred examples of the repeating units having a fluorine
atom are those shown below.
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In the formulae, R, and R, ; each independently represent
ahydrogen atom, a fluorine atom, or an alkyl group. The alkyl
group is preferably a linear or branched alkyl group having 1
to 4 carbon atoms and may have a substituent, and the alkyl
group having a substituent may include, in particular, a flu-
orinated alkyl group.

W, to W, each independently represent an organic group
having at least one or more fluorine atoms, and specific
examples thereof include the atomic groups of (F2) to (F4)
above.

Furthermore, other than these, the hydrophobic resin (Aa)
may contain a unit as shown below as the repeating units
having a fluorine atom.

[Chem. 142]
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In the formulae, R, to R, each independently represent a
hydrogen atom, a fluorine atom or an alkyl group. The alkyl
group is preferably a linear or branched alkyl group having 1
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to 4 carbon atoms and may have a substituent, and the alkyl
group having a substituent may include, in particular, a flu-
orinated alkyl group.

Incidentally, at least one of R, to R, represents a fluorine
atom. R, and Ry, or R, and R, may form a ring.

W, represents an organic group having at least one fluorine
atom and specific examples thereof'include the atomic groups
of (F2) to (F4) above.

L, represents a single bond or a divalent connecting group.
The divalent connecting group is a substituted or unsubsti-
tuted arylene group, a substituted or unsubstituted alkylene
group, a substituted or unsubstituted cycloalkylene group,
—0—,—S0,—,—CO—,—N(R)— (wherein R represents
a hydrogen atom or an alkyl group), —NHSO,—, or a diva-
lent connecting group formed by a combination of a plurality
of these groups.

Q represents an alicyclic structure. The alicyclic structure
may have a substituent and may be monocyclic or polycyclic,
and in the case of a polycyclic structure, the structure may be
a crosslinked structure. The monocyclic structure is prefer-
ably a cycloalkyl group having 3 to 8 carbon atoms, and
examples thereof include a cyclopentyl group, a cyclohexyl
group, a cyclobutyl group, and a cyclooctyl group. Examples
of'the polycyclic structure include a group containing a bicy-
clo, tricyclo or tetracyclo structure having 5 or more carbon
atoms. A cycloalkyl group having 6 to 20 carbon atoms is
preferred, and examples thereof include an adamantyl group,
a norbornyl group, a dicyclopentyl group, a tricyclodecanyl
group, and a tetracyclododecyl group. Parts of carbon atoms
in the cycloalkyl group may be substituted with heteroatoms
such as an oxygen atom. In particular, preferred examples of
Q include a norbornyl group, a tricyclodecanyl group, and a
tetracyclododecyl group.

The resin (Aa) may contain a silicon atom.

An alkylsilyl structure (preferably a trialkylsilyl group) or
a cyclosiloxane structure is preferred as a partial structure
having a silicon atom.

Specific examples of the alkylsilyl structure and the
cyclosiloxane structure include groups represented by the
following formulae (CS-1) to (CS-3).
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In the general formulae (CS-1) to (CS-3),

R,, to R, each independently represent a linear or
branched alkyl group (preferably having 1 to 20 carbon
atoms) or a cycloalkyl group (preferably having 3 to 20 car-
bon atoms).

L, to L5 each represent a single bond or a divalent connect-
ing group. The divalent connecting group is a single group or
a combination of two or more groups selected from the group
consisting of an alkylene group, a phenylene group, an ether
bond, a thioether bond, a carbonyl group, an ester bond, an
amide bond, a urethane bond, and a ureylene bond.

nrepresents an integer of 1 to 5, and is preferably an integer
of2to 4.

The repeating units having at least either fluorine atoms or
silicon atoms are preferably (meth)acrylate-based repeating
units.

Specific examples of the repeating units having at least
either fluorine atoms or silicon atoms are shown below, but
the present invention is not limited thereto. In the specific
examples, X, represents a hydrogen atom, —CH,, —F, or
—CF;, and X, represents —F or —CF.
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The resin (Aa) preferably has a repeating unit (b) having at
least one group selected from the group consisting of the
following (x) to (z).

(x) an alkali-soluble group,

(v) a group capable of decomposing by the action of an
alkali developer to increase the solubility in an alkali devel-
oper, and

(z) a group capable of decomposing by the action of an acid
to increase the solubility in an alkali developer.

The repeating unit (b) includes the following types.

(b") repeating units having at least either fluorine atoms or
silicon atoms and at least one group selected from the group
consisting of (x) to (z) on one side chain,

(b*) repeating units having at least one group selected from
the group consisting of (x) to (z) and having neither a fluorine
atom nor a silicon atom, and

(b") repeating units having at least one group selected from
the group consisting of (x) to (z) on one side chain and having
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In the formula, B1 represents a partial structure having at
least one group selected from the group consisting of (x) to
(z), and B2 represents a partial structure having at least either
fluorine atoms or silicon atoms.

[Chem. 147]

K1)
Bl

/f\P/

B2

The group selected from the group consisting of (x) to (z)
is preferably (x) an alkali-soluble group or (y) a polarity
converting group, and more preferably (y) a polarity convert-
ing group.

Examples of the alkali-soluble group (x) include a phenolic
hydroxyl group, a carboxylic acid group, a fluorinated alco-
hol group, a sulfonic acid group, a sulfonamide group, a
sulfonylimide group, an (alkylsulfonyl)(alkylcarbonyl)meth-
ylene group, an (alkylsulfonyl)(alkylcarbonyl)imide group, a
bis(alkylcarbonyl)methylene group, a bis(alkylcarbonyl)im-
ide group, a bis(alkylsulfonyl)methylene group, a bis(alkyl-
sulfonyl)imide group, a tris(alkylcarbonyl)methylene group,
and a tris(alkylsulfonyl)methylene group.

Preferred alkali-soluble groups include a fluorinated alco-
hol group (preferably, a hexafluoroisopropanol group), a sul-
fonimide group, and a bis(carbonyl)methylene group.

Examples of the repeating unit (bx) having an alkali-
soluble group (x) include a repeating unit where an alkali-
soluble group is directly bonded to the main chain of the resin,
such as repeating unit from an acrylic acid or a methacrylic
acid, and a repeating unit where an alkali-soluble group is
bonded to the main chain of the resin through a connecting
group. Furthermore, an alkali-soluble group may be intro-
duced into the polymer chain terminal by using an alkali-
soluble group-containing polymerization initiator or chain
transfer agent at the polymerization. Any of these cases are
preferred.

In the case where the repeating unit (bx) is repeating units
having at least either fluorine atoms or silicon atoms (that is,
a repeating unit corresponding to the repeating unit (b') or
(b")), examples of the fluorine atom-containing partial struc-
ture in the repeating unit (bx) are the same as those described

at least either fluorine atoms or silicon atoms on a side chain 30 With respect to the repeating units having at least either fluo-

different from the side chain above in the same repeating unit.

The resin (Aa) more preferably contains the repeating unit
(b") as the repeating unit (b). That is, the repeating unit (b)
having at least one group selected from the group consisting
of (x) to (z) more preferably contains at least either fluorine
atoms or silicon atoms.

Furthermore, in the case where the resin (Aa) contains the
repeating unit (b*), the resin is preferably a copolymer with
repeating units having at least either fluorine atoms or silicon
atoms (a repeating unit different from the repeating units (b')
and (b")). Further, in the repeating unit (b"), the side chain
having at least one group selected from the group consisting
of (x) to (z) and the side chain having at least either fluorine
atoms or silicon atoms are preferably bonded to the same
carbon atom in the main chain, that is, have the same posi-
tional relationship as in the following formula (K1).

55

[

0

o

5

rine atoms or silicon atoms and preferably include the groups
represented by the general formulae (F2) to (F4). Also in this
case, examples of the silicon atom-containing partial struc-
ture in the repeating unit (bx) are the same as those described
with respect to the repeating units having at least either fluo-
rine atoms or silicon atoms and preferably include the groups
represented by the general formulae (CS-1) to (CS-3).

The content of the repeating unit (bx) having an alkali-
soluble group (x) is preferably from 1 to 50% by mole, more
preferably from 3 to 35% by mole, and still more preferably
from 5 to 20% by mole, based on all repeating units in the
hydrophobic resin (Aa).

Specific examples of the repeating unit (bx) having an
alkali-soluble group (x) are shown below. Further, in specific
examples, X, represents a hydrogen atom, —CH,, —F, or
—CF;.
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wherein Rx represents H, CHj, CF3, or CHOH.

Examples of the polarity converting group (y) include a
lactone group, a carboxylic acid ester group (—COO—), an
acid anhydride group (—C(O)OC(O)—), an acid imide
group (—NHCONH—), a carboxylic acid thioester group
(—COS—), a carbonic acid ester group (—OC(0)0O—), a
sulfuric acid ester group (—OS0O,0—), and a sulfonic acid
ester group (—SO,0—), with a lactone group being pre-
ferred.
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As for the polarity converting group (y), both a configura-
tion where the polarity converting group is included in a
repeating unit composed of an acrylic acid ester or a meth-
acrylic acid ester and thereby is introduced into the side chain
of'the resin, and a configuration where the polarity converting
group is introduced into the polymer chain terminal by using
a polymerization initiator or chain transfer agent containing
the polarity converging group (y) during the polymerization
are preferred.

Specific examples of the repeating unit (by) having a polar-
ity converting group (y) include repeating units having a
lactone structure represented by the formulae (KA-1-1) to
(KA-1-17) as described later.

Furthermore, the repeating unit (by) having a polarity con-
verting group (y) is preferably a repeating unit having at least
either a fluorine atom and a silicon atom (that is, a repeating
unit corresponding to the repeating unit (b') or (b")). The
repeating unit (by)-containing resin has hydrophobicity, and
addition thereof'is preferred, in particular, from the viewpoint
of reducing the development defect.

Examples of the repeating unit (by) include a repeating unit
represented by the formula (KO0).

[Chem. 150]

K0)
Ry

9) 0—Rp

In the formula, R, represents a hydrogen atom, a halogen
atom, a hydroxyl group, an alkyl group, a cycloalkyl group, an
aryl group, or a polarity converting group-containing group.

R, represents an alkyl group, a cycloalkyl group, an aryl
group, or a polarity converting group-containing group.

However, at least either one of R, and R, represents a
polarity converting group-containing group.

The polarity converting group is, as described above, a
group that decomposes by the action of an alkali developer to
increase the solubility in an alkali developer. The polarity
converting group is preferably a group X in a partial structure
represented by the general formula (KA-1) or (KB-1).

[Chem. 151]

(KA-1)
@
ey (KB-1)

Inthe general formulae (KA-1) and (KB-1), X represents a
carboxylic acid ester group: —COO—, an acid anhydride
group: —C(0)OC(O)—, an acid imide group: —NH-
CONH—, a carboxylic acid thioester group: —COS—, a
carbonic acid ester group: —OC(0O)O—, a sulfuric acid ester
group: —OSO,0—, or a sulfonic acid ester group:
—S0,0—.

Each of Y! and Y?, which may be the same as or different
from each other, represents an electron-withdrawing group.

Incidentally, the repeating unit (by) has a preferred group
that increases the solubility in an alkali developer by contain-
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ing a group having a partial structure represented by the
general formula (KA-1) or (KB-1), but as in the case of the
partial structure represented by the general formula (KA-1) or
the partial structure represented by the general formula (KB-
1) wherein Y* and Y* are monovalent, when the partial struc-
ture does not have a bond, the group having the partial struc-
ture is a group having a monovalent or higher valent group
formed by removing at least one arbitrary hydrogen atom in
the partial structure.

The partial structure represented by the general formula
(KA-1) or (KB-1) is connected to the main chain of the
hydrophobic resin (Aa) at an arbitrary position through a
substituent.

The partial structure represented by the general formula
(KA-1) is a structure forming a ring structure together with
the group as X.

In the general formula (KA-1), X is preferably a carboxylic
acid ester group (that is, a case of forming a lactone ring
structure as KA-1), an acid anhydride group or a carbonic
acid ester group, more preferably a carboxylic acid ester
group.

The ring structure represented by the general formula (KA-
1) may have a substituent and, for example, may have nka
substituents 7.

When a plurality of Z,,,’s are present, they each indepen-
dently represent a halogen atom, an alkyl group, a cycloalkyl
group, an ether group, a hydroxyl group, an amido group, an
aryl group, a lactone ring group, or an electron-withdrawing
group.

Z,,.’s may be bonded to each other to form a ring.
Examples of the ring formed by the connecting of Z,,, ’s with
each other include a cycloalkyl ring and a heterocycle (a
cyclic ether ring, a lactone ring, and the like).

nka represents an integer of 0 to 10 and is preferably an
integer of 0 to 8, more preferably an integer of 0 to 5, still
more preferably an integer of 1 to 4, and most preferably an
integer of 1 to 3.

The electron-withdrawing group as Z,,, has the same
meaning as the electron-withdrawing group of Y* and Y to be
described hereinafter. Incidentally, the electron-withdrawing
group above may be substituted with another electron-with-
drawing group.

7.1 18 preferably an alkyl group, a cycloalkyl group, an
ether group, a hydroxyl group or an electron-withdrawing
group, more preferably an alkyl group, a cycloalkyl group or
an electron-withdrawing group. The ether group is preferably
an ether group substituted, for example, with an alkyl group
or a cycloalkyl group, that is, an alkyl ether group. The elec-
tron-withdrawing group has the same meaning as above.

Examples of the halogen atom as Z,,, include a fluorine
atom, a chlorine atom, a bromine atom and an iodine atom,
with a fluorine atom being preferred.

The alkyl group as Z,,,, may have a substituent and may be
either linear or branched. The linear alkyl group is preferably
an alkyl group having 1 to 30 carbon atoms, more preferably
1 to 20 carbon atoms, and examples thereof include a methyl
group, an ethyl group, an n-propyl group, an n-butyl group, a
sec-butyl group, a t-butyl group, an n-pentyl group, an
n-hexyl group, an n-heptyl group, an n-octyl group, an
n-nonyl group and an n-decanyl group. The branched alkyl
group is preferably an alkyl group having 3 to 30 carbon
atoms, more preferably 3 to 20, and examples thereofinclude
an i-propyl group, an i-butyl group, a t-butyl group, an i-pen-
tyl group, a t-pentyl group, an i-hexyl group, a t-hexyl group,
an i-heptyl group, a t-heptyl group, an i-octyl group, a t-octyl
group, an i-nonyl group and a t-decanoyl group. An alkyl
group having 1 to 4 carbon atoms is preferred, such as a
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methyl group, an ethyl group, an n-propyl group, an i-propyl
group, an n-butyl group, an i-butyl group and a t-butyl group.

The cycloalkyl group as Z,,,; may have a substituent and
may be monocyclic or polycyclic. The polycyclic cycloalkyl
group may be crosslinked. That is, in this case, the cycloalkyl
group may have a bridged structure. The monocyclic type is
preferably a cycloalkyl group having 3 to 8 carbon atoms, and
examples thereof include a cyclopropyl group, a cyclopentyl
group, a cyclohexyl group, a cyclobutyl group and a cyclooc-
tyl group. The polycyclic type includes a group having a
bicyclo, tricyclo or tetracyclo structure or the like and having
5 or more carbon atoms. A cycloalkyl group having 6 to 20
carbon atoms is preferred, and examples thereof include an
adamantyl group, a norbornyl group, an isobornyl group, a
camphanyl group, a dicyclopentyl group, an a-pinel group, a
tricyclodecanyl group, a tetracyclododecyl group and an
androstanyl group. The following structures are also pre-
ferred as the cycloalkyl group. Incidentally, parts of carbon
atoms in the cycloalkyl group may be substituted with het-
eroatoms such as an oxygen atom.

[Chem. 152]
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Preferred examples of the alicyclic structure include an
adamantyl group, a noradamantyl group, a decalin group, a
tricyclodecanyl group, a tetracyclododecanyl group, a nor-
bornyl group, a cedrol group, a cyclohexyl group, a cyclohep-
tyl group, a cyclooctyl group, a cyclodecanyl group and a
cyclododecanyl group, more preferably an adamantyl group,
a decalin residue, a norbornyl group, a cedrol group, a cyclo-
hexyl group, a cycloheptyl group, a cyclooctyl group, acyclo-
decanyl group, a cyclododecanyl group, and a tricyclodeca-
nyl group.

Examples of the substituent in these alicyclic groups
include an alkyl group, a halogen atom, a hydroxyl group, an
alkoxy group, a carboxyl group, and an alkoxycarbonyl
group. The alkyl group is preferably a lower alkyl group such
as a methyl group, an ethyl group, a propyl group, an isopro-
py! group, and a butyl group, and more preferably, it repre-
sents a methyl group, an ethyl group, a propyl group, or an
isopropyl group. Examples of the alkoxy group include an
alkoxy group having 1 to 4 carbon atoms, such as a methoxy
group, an ethoxy group, a propoxy group and a butoxy group.
Examples of the substituent which the alkyl group and alkoxy
group each may further have include a hydroxyl group, a
halogen atom, and an alkoxy group (preferably having 1 to 4
carbon atoms).

Furthermore, the groups above may further have a substitu-
ent, and examples of the further substituent include a
hydroxyl group, a halogen atom (for example, fluorine, chlo-
rine, bromine, and iodine), a nitro group, a cyano group, the
above-described alkyl group, an alkoxy group such as a meth-
oxy group, an ethoxy group, a hydroxyethoxy group, a pro-
Poxy group, a hydroxypropoxy group, an n-butoxy group, an
isobutoxy group, a sec-butoxy group, and a t-butoxy group,
an alkoxycarbonyl group such as a methoxycarbonyl group
and an ethoxycarbonyl group, an aralkyl group such as a
benzyl group, a phenethyl group, and a cumyl group, an acyl
group such as an aralkyloxy group, a formyl group, an acetyl
group, a butyryl group, a benzoyl group, a cinnamoyl group,
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and a valeryl group, an acyloxy group such as a butyryloxy
group, the above-described alkenyl group, an alkenyloxy
group such as a vinyloxy group, a propenyloxy group, an
allyloxy group, and a butenyloxy group, the above-described
aryl group, an aryloxy group such as a phenoxy group, and an
aryloxycarbonyl group such as a benzoyloxy group.

It is preferable that X in the general formula (KA-1) be a
carboxylic ester group and the partial structure represented by
the general formula (KA-1) be a lactone ring, and preferably
a 5- to 7-membered lactone ring.

Incidentally, it is preferable that as in (KA-1-1) to (KA-1-
17) shown below, another ring structure is condensed to a 5-
to 7-membered lactone ring as the partial structure repre-
sented by the general formula (KA-1) in the form of forming
a bicyclo or spiro structure.

Examples of the peripheral ring structure with which the
ring structure represented by the general formula (KA-1) may
be combined include those in (KA-1-1) to (KA-1-17) shown
below and structures based on these structures.

The structure containing a lactone ring structure repre-
sented by the general formula (KA-1) is more preferably a
structure represented by any one of the following (KA-1-1) to
(KA-1-17). Further, the lactone structure may be bonded
directly to the main chain. Preferred structures are (KA-1-1),
(KA-1-4), (KA-1-5), (KA-1-6), (KA-1-13), (KA-1-14), and
(KA-1-17).

[Chem. 153]
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The structure containing the above-described lactone ring
structure may or may not have a substituent. Preferable
examples of the substituent are the same as those of the
substituent Z, ,, which may be contained in the ring structure
represented by the general formula (KA-1).

In the general formula (KB-1), X preferably includes a
carboxylic ester group (—COO—).

In the general formula (KB-1), Y' and Y? each indepen-
dently represent an electron-withdrawing group.

The electron-withdrawing group is a partial structure rep-
resented by the following formula (EW). In the formula
(EW), * represents a bonding directly bonded to (KA-1) ora
bonding directly bonded to X in (KB-1).

[Chem. 154]

(EW)
Rewl

* " gy Yew

Rewz

In the formula (EW),

n,,, is a repetition number of the connecting group repre-
sented by —C(R,,,,; (R,,,»)—, and represents an integer of 0
or 1. Inthecase wheren,,, is 0, this indicates a single bond and
direct bonding of Y, 1.

Y,,,; is a halogen atom, a cyano group, a nitrile group, a
nitro group, a halo(cyclo)alkyl, a haloaryl group represented
by —C(R;)Rp)—Rg, an oxy group, a carbonyl group, a
sulfonyl group, a sulfinyl group, or a combination thereof.
Further, the electron-withdrawing group may be, for
example, a structure shown below. The “halo(cyclo)alkyl
group” indicates an alkyl or cycloalkyl group that is at least
partially halogenated. The term “haloaryl group” indicates an
aryl group that is at least partially halogenated. In the struc-
tural formulae below, R, ; and R, , each independently rep-
resent an arbitrary structure. The partial structure represented
by the general formula (EW) has an electron-withdrawing
property irrespective of structures of R, ; and R, , and may
be combined with, for example, the main chain of the resin,
but is preferably an alkyl group, a cycloalkyl group, or an
alky] fluoride group.
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[Chem. 155]
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Inthe case where Y, is a divalent or higher-valent group,
the remaining bond forms bonding to an arbitrary atom or
substituent. At least any one group of Y, ;, R,,,;, and R,
may be combined with the main chain of a resin (C) through
a further substituent.

Y.,,; is preferably a halogen atom, or a halo(cyclo)alkyl or
haloaryl group represented by —C(R }(Rp)—R 5.

R,,; and R, , each independently represent an arbitrary
substituent, and represent, for example, a hydrogen atom, an
alkyl group, a cycloalkyl group, or an aryl group.

At least two members out of R, R,,,,, and Y,
combined with each other to form a ring.

Here, R, represents a halogen atom, a perhaloalkyl group,
aperhalocycloalkyl group or a perhaloaryl group and is pref-
erably a fluorine atom, a perfluoroalkyl group, or a perfluo-
rocycloalkyl group, and more preferably a fluorine atom or a
trifluoromethyl group.

Ry, and R4 each independently represent a hydrogen atom,
a halogen atom or an organic group, and R, and R 5 may be
combined with each other to form a ring. Examples of the
organic group include an alkyl group, a cycloalkyl group, an
alkoxy group, and the like. R ., more preferably represents the
same group as R, or is combined with R to form a ring.

R, to R 3 may be combined with each other to form a ring,
and examples of the ring formed include a (halo)cycloalkyl
ring and a (halo)aryl ring.

Examples of the (halo)alkyl group in R, to R include the
alkyl groups in Z,,, and halogenated structures thereof.

Examples of the (per)halocycloalkyl group and the (per)
haloaryl group in R, to Ry or in the ring formed by combi-
nation of Ry, and R include the above-described structures
resulting from halogenation of cycloalkyl groups in Z,,,, and
a fluoroalkyl group represented by —C,,F ,,, »)H and a per-

ew2

may be

ewl



US 9,188,862 B2

329

fluoroaryl group represented by —C,\F, ,, are preferable,
where the number of carbon atoms n is not particularly lim-
ited but is preferably from 5 to 13, and more preferably 6.

The ring which may be formed by combination of at least
two members out of R, ;, R, ., and Y, with each other is
preferably a cycloalkyl group or a heterocyclic group, and the
heterocyclic group is preferably a lactone ring group.
Examples of the lactone ring include structures represented
by the formulae (KA-1-1) to (KA-1-17).

Incidentally, the repeating unit (by) may have a plurality of
partial structures represented by the general formula (KA-1),
a plurality of partial structures represented by the general
formula (KB-1), or both a partial structure represented by the
general formula (KA-1) and a partial structure represented by
the general formula (KB-1).

Furthermore, the partial structure of the general formula
(KA-1) may partially or entirely serve also as the electron-
withdrawing group of Y* or Y*in the general formula (KB-1).
For example, in the case where X in the general formula
(KA-1) is a carboxylic ester group, the carboxylic ester group
may function as the electron-withdrawing group of Y* or Y2 in
the general formula (KB-1).

Moreover, in the case where the repeating unit (by) corre-
sponds to the repeating unit (b*) or the repeating unit (b") and
has a partial structure represented by the general formula
(KA-1), the partial structure represented by the general for-
mula (KA-1) is more preferably a partial structure where the
polarity converting group is —COO— in the structure repre-
sented by the general formula (KA-1).

The repeating unit (by) may be a repeating unit having a
partial structure represented by the general formula (KY-0).

ew2?

[Chem. 156]
(KY-0)

Xl\ (Rq)
/ n

7
\Za_(R3)o

A Ry—Z

6}

In the general formula (KY-0),

R, represents a chained or cyclic alkylene group and when
a plurality of R,’s are present, they may be the same as or
different from each other.

R; represents a linear, branched, or cyclic hydrocarbon
group where a part or all of hydrogen atoms on the constituent
carbons are substituted with a fluorine atom.

R, represents a halogen atom, a cyano group, a hydroxyl
group, an amido group, an alkyl group, a cycloalkyl group, an
alkoxy group, a phenyl group, an acyl group, an alkoxycar-
bonyl group, or a group represented by R—C(—O)— or
R—C(—0)O— (wherein R represents an alkyl group or a
cycloalkyl group), and when a plurality of R,’s are present,
they may be the same as or different from each other, and two
or more R,’s may be bonded to each other to form a ring.

X represents an alkylene group, an oxygen atom, or a sulfur
atom.

Each of Z and Za represents a single bond, an ether bond,
an ester bond, an amide bond, a urethane bond, or a urea bond,
and when a plurality of Z’s or Za’s are present, they may be
the same as or different from each other.

* represents a bonding to the main chain or side chain of the
resin.

10

15

20

25

30

35

40

45

50

55

60

65

330

s the number of substituents and represents an integer of 1
to 7.

m is the number of substituents and represents an integer of
Oto7.

n is a repetition number and represents an integer of O to 5.

The structure of —R,—Z7— is preferably a structure rep-
resented by —(CH,);—COO— (wherein 1 represents an
integer of 1 to 5).

The preferable range of number of carbon atoms and spe-
cific examples of the chained or cyclic alkylene group as R,
are the same as those described with respect to the chained
alkylene group and a cyclic alkylene group in Z, of the gen-
eral formula (bb).

The number of carbon atoms of the linear, branched, or
cyclic hydrocarbon group as R; is, in the case of a linear
hydrocarbon group, preferably from 1 to 30, and more pref-
erably from 1 to 20, in the case of a branched hydrocarbon
group, preferably from 3 to 30, and more preferably from 3 to
20, and in the case of a cyclic hydrocarbon group, from 6 to
20. Specific examples of R; include the specific examples of
the alkyl group and a cycloalkyl group as Z, ;.

The preferable number of carbon atoms and specific
examples of the alkyl group and a cycloalkyl group as R, and
R are the same as those described with respect to the alkyl
group and the cycloalkyl group as 7.

The acyl group as R, is preferably an acyl group having 1
to 6 carbon atoms, and examples thereof include a formyl
group, an acetyl group, a propionyl group, a butyryl group, an
isobutyryl group, a valeryl group, and a pivaloyl group.

The alkyl moiety in the alkoxy group and the alkoxycar-
bonyl group as R, include a linear, branched, or cyclic alkyl
moiety, and the preferable number of carbon atoms and spe-
cific examples of the alkyl moiety are the same as those
described with respect to the alkyl group and the cycloalkyl
groupofZ, .

The alkylene group as X includes a chained or cyclic alky-
lene group, and the preferable number of carbon atoms and
specific examples thereof are the same as those described
with respect to the chained alkylene group and the cyclic
alkylene group as R,.

Furthermore, the specific structure of the repeating unit
(by) also contains a repeating unit having a partial structure
shown below.

[Chem. 157]

(f-1)
*—X—A—O0—C—X

(f-2)
*—X'—A—C—0—X

In the general formulae (rf-1) and (rf-2),

X' represents an electron-withdrawing substituent and is
preferably a carbonyloxy group, an oxycarbonyl group, a
fluorine atom-substituted alkylene group, or a fluorine atom-
substituted cycloalkylene group.

A represents a single bond, a divalent connecting group
represented by —C(Rx)(Ry)-, wherein Rx and Ry indepen-
dently represent a hydrogen atom, a fluorine atom, an alkyl
group (preferably having 1 to 6 carbon atoms, which may be
substituted with a fluorine atom or the like), or a cycloalkyl
group (preferably having 5 to 12 carbon atoms, which may be
substituted with a fluorine atom or the like), and each of Rx
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and Ry is preferably a hydrogen atom, an alkyl group, or a
fluorine atom-substituted alkyl group.

X represents an electron-withdrawing group and specific
examples thereof include the electron-withdrawing groups as
Y! and Y?, and X is preferably an alkyl fluoride group, a
cycloalkyl fluoride group, an aryl group substituted with fluo-
rine or an alkyl fluoride group, an aralkyl group substituted
with fluorine or an alkyl fluoride group, a cyano group, or a
nitro group.

* represents a bonding to the main chain or side chain of the
resin, that is, a bonding which is bonded to the main chain of
the resin through a single bond or a connecting group.

Incidentally, when X' is a carbonyloxy group or an oxycar-
bonyl group, A is not a single bond.

The polarity converting group decomposes by the action of
an alkali developer to effect polarity conversion, whereby the
receding contact angle with water of the resin composition
film after alkaline development can be decreased. Decrease in
the receding contact angle with water of the film after alkaline
development is preferable from the viewpoint of suppressing
the development defect.

The receding contact angle with water of the resin compo-
sition film after alkaline development is preferably 50° or
less, more preferably 40° or less, still more preferably 35° or
less, and most preferably 30° or less, at a temperature of
23+3° C. and a humidity of 45£5%.

The receding contact angle is a contact angle measured
when a contact line recedes on the liquid droplet-substrate
interface, and this is generally known to be useful in simulat-
ing the mobility of a liquid droplet in the dynamic state. In a
simple manner, the receding contact angle can be defined as a
contact angle at the time of the liquid droplet interface reced-
ing when a liquid droplet ejected from a needle tip is landed
on a substrate and then the liquid droplet is again suctioned
into the needle. In general, the receding contact angle can be
measured by a contact angle measuring method called an
expansion/contraction method.

The receding contact angle of the film after alkaline devel-
opment is a contact angle when a film shown below is mea-
sured by the expansion/contraction method described in
Examples as described later. That is, it is a contact angle of a
film obtained as follows by measurement by an expansion/
contraction method: ARC29A (manufactured by Nissan
Chemical Industries, [.td.) for forming an organic antireflec-
tion film was applied onto a silicon wafer (8-inch opening
diameter) and baked at 205° C. for 60 seconds, thereby form-
ing an antireflection film having a film thickness of 98 nm.
The actinic ray-sensitive or radiation-sensitive resin compo-
sition of the present invention was applied thereonto and
baked at 120° C. for 60 seconds, thereby forming a film
having a film thickness of 120 nm. This film was developed in
an aqueous tetramethylammonium hydroxide solution
(2.38% by mass) for 30 seconds, rinsed with pure water, and
then spin-dried, thereby obtaining a film.

The hydrolysis rate of the resin (Aa) for an alkali developer
is preferably 0.001 nm/sec or more, more preferably 0.01
nm/sec or more, still more preferably 0.1 nm/sec or more, and
most preferably 1 nm/sec or more.

The hydrolysis rate of the resin (Aa) for an alkali developer
as used herein is the rate at which the thickness of a resin film
formed only of the resin (Aa) decreases when treated with
TMAH (an aqueous tetramethylammonium hydroxide solu-
tion) (2.38% by mass) at 23° C.

The repeating unit (by) is more preferably a repeating
having at least two or more polarity converting groups.

In the case where the repeating unit (by) has at least two
polarity converting groups, the repeating unit preferably has a
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group containing a partial structure having two polarity con-
verting groups represented by the following general formula
(KY-1). Incidentally, when the structure represented by the
general formula (KY-1) does not have a bond, this is a group
containing a monovalent or higher valent group formed by
removing at least one arbitrary hydrogen atom in the struc-
ture.

[Chem. 158]
N (KY-1)
iy
o) o)
e ~
R Ryys
Rkyl
0

In the general formula (KY-1),

R, and R, , each independently represent a hydrogen
atom, a halogen atom, an alkyl group, a cycloalkyl group, a
carbonyl group, a carbonyloxy group, an oxycarbonyl group,
an ether group, a hydroxyl group, a cyano group, an amido
group, or an aryl group. Alternatively, R, and R, , may be
bonded to the same atom to form a double bond. For example,
R, andR, , may be bonded to the same oxygen atom to form
a part (—O) of a carbonyl group.

Ry, and R, ; each independently represent an electron-
withdrawing group, or while R, and R, are combined to
form a lactone ring, R, ; is an electron-withdrawing group.
The lactone ring formed is preferably a structure of (KA-1-1)
to (KA-1-17). Examples of the electron-withdrawing group
are the same as set forth with respect to Y, and Y, in the
general formula (KB-1), and a halogen atom and a halo(cy-
clojalkyl or haloaryl group represented by —C(R,)(R,)—
Ry are preferable. Preferably, R, ; is a halogen atom or a
halo(cyclo)alkyl or haloaryl group represented by —C(R,,)
(Rp)—Rg, and Ry, is combined with R, to form a lactone
ring or is an electron-withdrawing group containing no halo-
gen atom.

Ryy15 Ryyo, and Ry, may be combined with each other to
form a monocyclic or polycyclic structure.

Specificexamples of R, and R, , include the same groups
as set forth with respect to Z,,, in the formula (KA-1).

The lactone ring formed by combination of R, and R, is
preferably the structures of (KA-1-1) to (KA-1-17).
Examples of the electron-withdrawing group are the same as
set forth with respect to Y, and Y, in the general formula
(KB-1).

The structure represented by the general formula (KY-1) is
preferably a structure represented by the following general
formula (KY-2). Here, the structure represented by the gen-
eral formula (KY-2) is a group having a monovalent or higher
valent group formed by removing at least one arbitrary hydro-
gen atom in the structure.

[Chem. 159]
(KY-2)
Ry Rys
R

Ryno 7

Rips

O
COO—Ryys
(@]
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In the formula (KY-2),

R; s to Ry, each independently represent a hydrogen
atom, a halogen atom, an alkyl group, a cycloalkyl group, a
carbonyl group, a carbonyloxy group, an oxycarbonyl group,
an ether group, a hydroxyl group, a cyano group, an amido
group, or an aryl group.

Two or more members out of R, ¢ to Ry, may be com-
bined with each other to form a monocyclic or polycyclic
structure.

Ry,s represents an electron-withdrawing group, and
examples of the electron-withdrawing group are the same as
set forth with respectto Y, and Y ,, with a halogen atom, or a
halo(cyclo)alkyl or haloaryl group represented by —C(R )
(Rp)—R; being preferred.

Specific examples of R, s to Ry, include the same groups
as Z,,, in the formula (KA-1).

The structure represented by the formula (KY-2) is more
preferably a partial structure represented by the following
general formula (KY-3).

[Chem. 160]

(KY-3)

ka\>\/ (ZraDnka

COO—Rys

¢}

In the formula (KY-3), Z,,, and n,, have the same mean-
ings as in the general formula (KA-1). Ry s has the same
meaning as in the formula (KY-2).

L, represents an alkylene group, an oxygen atom, or a
sulfur atom. Examples of the alkylene group of I, include a
methylene group, an ethylene group, and the like. L, is pref-
erably an oxygen atom or a methylene group, and more pref-
erably a methylene group.

The repeating unit (b) is not limited as long as it is a
repeating unit obtained by polymerization such as addition
polymerization, condensation polymerization and addition
condensation, but a repeating unit obtained by addition poly-
merization of a carbon-carbon double bond is preferable.
Examples thereof include an acrylate-based repeating unit
(including a system having a substituent at the a.- or f-posi-
tion), a styrene-based repeating unit (including a system hav-
ing a substituent at the a.- or B-position), a vinyl ether-based
repeating unit, a norbornene-based repeating unit, a maleic
acid derivative (such as maleic anhydride or a derivative
thereof, maleimide, and the like) repeating unit, and the like.
An acrylate-based repeating unit, a styrene-based repeating
unit, a vinyl ether-based repeating unit and a norbornene-
based repeating unit are preferable, an acrylate-based repeat-
ing unit, a vinyl ether-based repeating unit and a norbornene-
based repeating unit are more preferable, and an acrylate-
based repeating unit is most preferable.

In the case where the repeating unit (by) is a repeating unit
having at least either fluorine atoms or silicon atoms (that is,
a repeating unit corresponding to the repeating unit (b') or
(b")), examples of the fluorine atom-containing partial struc-
ture in the repeating unit (by) are the same as those in the
above-described repeating unit having at least either fluorine
atoms or silicon atoms, and the groups represented by the
general formulae (F2) to (F4) are preferable. Further,
examples of the silicon atom-containing partial structure in
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the repeating unit (by) are the same as those in the above-
described repeating unit having at least either fluorine atoms
or silicon atoms, and the groups represented by the general
formulae (CS-1) to (CS-3) are preferable.

The content of the repeating units (by) in the resin (Aa) is
preferably from 10 to 100% by mole, more preferably from
20 to 99% by mole, still more preferably from 30 to 97% by
mole, and most preferably from 40 to 95% by mole, based on
all the repeating units in the resin (Aa).

Specific examples of the repeating unit (by) having a group
capable of increasing the solubility in an alkali developer are
illustrated below, but the present invention is not limited
thereto. Specific examples of the repeating unit (by) also
include those described as specific examples of the repeating
unit (a3) of the resin (A).

Ra represents a hydrogen atom, a fluorine atom, a methyl
group, or a trifltuoromethyl group.

[Chem. 161]
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Inthe resin (Aa), examples of the repeating unit (bz) having
a group capable of decomposing by the action of an acid (z)
include those described above for the repeating unit having an
acid-decomposable group in the resin (A).

In the case where the repeating unit (bz) is a repeating unit
having at least either fluorine atoms or silicon atoms (that is,
a repeating unit corresponding to the repeating unit (b') or
(b")), examples of the fluorine atom-containing partial struc-
ture in the repeating unit (bz) are the same as those described
with respect to the repeating units having at least either fluo-
rine atoms or silicon atoms and preferably include the groups
represented by the general formulae (F2) to (F4). Also in this
case, examples of the silicon atom-containing partial struc-
ture in the repeating unit (by) are the same as those described
with respect to the repeating units having at least either fluo-
rine atoms or silicon atoms and preferably include the groups
represented by the general formulae (CS-1) to (CS-3).

In the resin (Aa), the content of the repeating units (bz)
having a group (z) that decomposes by the action of an acid is
preferably from 1 to 80% by mole, more preferably from 10
to 80% by mole, and still more preferably from 20 to 60% by
mole, based on all repeating units in the resin (Aa).

The repeating unit (b) having at least one group selected
from the group consisting of (x) to (z) above was described as
above, but the content of the repeating units (b) in the resin
(Aa) is preferably from 1 to 98% by mole, more preferably
from 3 to 98% by mole, still more preferably from 5 to 97%
by mole, and most preferably from 10 to 95% by mole, based
on all repeating units in the resin (Aa).

The content of the repeating units (b') is preferably from 1
to 100% by mole, more preferably from 3 to 99% by mole,
still more preferably from 5 to 97% by mole, and most pref-
erably from 10to 95% by mole, based on all repeating units in
the resin (Aa).

The content of the repeating units (b*) is preferably from 1
to 90% by mole, more preferably from 3 to 80% by mole, still
more preferably 5 to 70% by mole, and most preferably 10 to
60% by mole, based on all repeating units in the resin (Aa).
The content of the repeating units having at least either fluo-
rine atoms or silicon atoms, which is used together with the
repeating unit (b*) is preferably from 10 to 99% by mole,
more preferably from 20 to 97% by mole, still more prefer-
ably from 30 to 95% by mole, and most preferably from 40 to
90% by mole, based on all repeating units in the resin (Aa).

The content of the repeating units (b") is preferably from 1
to 100% by mole, more preferably from 3 to 99% by mole,
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more preferably from 5 to 97% by mole, and most preferably
from 10 to 95% by mole, based on all repeating units in the
resin (Aa).

The resin (Aa) may further contain a repeating unit repre-
sented by the following general formula (III).

[Chem. 163]
am

Res)

|

T
Lc3
|
Res

In the general formula (III),

R_;, represents a hydrogen atom, an alkyl group which
may be substituted with an alkyl group or a fluorine atom, a
cyano group or a —CH,—O—R,,_, group wherein R, rep-
resents a hydrogen atom, an alkyl group, or anacyl group. R5;
is preferably a hydrogen atom, a methyl group, a hydroxym-
ethyl group or a trifluoromethyl group, and more preferably a
hydrogen atom or a methyl group.

R_;, represents a group containing an alkyl group, a
cycloalkyl group, an alkenyl group, a cycloalkenyl group or
an aryl group. Each of these groups may be substituted with a
fluorine atom- or silicon atom-containing group or the like.

L5 represents a single bond or a divalent connecting group.

In the general formula (III), the alkyl group of R_;, is
preferably a linear or branched alkyl group having 3 to 20
carbon atoms.

The cycloalkyl group is preferably a cycloalkyl group hav-
ing 3 to 20 carbon atoms.

The alkenyl group is preferably an alkenyl group having 3
to 20 carbon atoms.

The cycloalkenyl group is preferably a cycloalkenyl group
having 3 to 20 carbon atoms.

The aryl group is preferably a phenyl group having 6 to 20
carbon atoms or a naphthyl group, which may have a sub-
stituent.

R_;, is preferably an unsubstituted alkyl group or an alkyl
group substituted with a fluorine atom.

The divalent connecting group of Lc; is preferably an alky-
lene group (preferably having 1 to 5 carbon atoms), an oxy
group, a phenylene group, or an ester bond (a group repre-
sented by —COO—).

It is also preferable that the resin (Aa) further contain a
repeating unit represented by the following general formula
(BII-AB).

[Chem. 164]

(M

Rert' Repd!

(BII-AB)

In the formula (BII-AB),

R, and R_,, each independently represent a hydrogen
atom, a cyano group, a halogen atom, or an alkyl group.

Z.. represents an atomic group for forming an alicyclic
structure containing two carbon atoms (C—C) to which Z _.is
bonded.

In the case where each group in the repeating units repre-
sented by the general formulae (IIT) and (BII-AB) is substi-
tuted with a fluorine atom- or silicon atom-containing group,
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the repeating unit corresponds also to the repeating units
having at least either fluorine atoms or silicon atoms.

Specific examples of the repeating units represented by the
general formulae (1) and (BII-AB) are shown below, but the
present invention is not limited thereto. In the formulae, Ra
represents H, CH;, CH,OH, CF;, or CN. Incidentally, the
repeating unit where Ra is CF; corresponds also to the repeat-
ing units having at least either fluorine atoms or silicon atoms.

(~) A~

/ji /é\Ra/)
O/\O
(A~ (o~
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In the resin (Aa), similarly to the resin (A), it is of course
preferable that the content of impurities such as metals be low,
but also, the content of residual monomers or oligomer com-
ponents is preferably from 0to 10% by mole, more preferably
from 0 to 5% by mole, and still more preferably from 0 to 1%
by mole. When these conditions are satisfied, a resist compo-
sition free from foreign substances in a liquid or change with
aging of sensitivity or the like can be obtained. Furthermore,
in view of the resolution, the resist profile, the side wall of a
resist pattern, the roughness, or the like, the molecular weight
distribution (Mw/Mn, also referred to as “dispersity”) is pref-
erably in a range of 1 to 3, more preferably 1 to 2, still more
preferably 1 to 1.8, and most preferably 1 to 1.5.

As for the resin (Aa), various commercially available prod-
ucts may be also used, or the resin may be synthesized by an
ordinary method (for example, radical polymerization).
Examples of the general synthesis method include a batch
polymerization method of dissolving monomer species and
an initiator in a solvent and heating the solution, thereby
effecting the polymerization, and a dropping polymerization
method of adding dropwise a solution containing monomer
species and an initiator to a heated solvent over 1 to 10 hours.
A dropping polymerization method is preferable.

The reaction solvent, the polymerization initiator, the reac-
tion conditions (for example, temperature, concentration) and
the purification method after reaction are the same as those
described with respect to the resin (A).

Specific examples of the resin (Aa) are shown below. Fur-
ther, the molar ratio of the repeating units (corresponding to
the respective repeating units starting from the left), the
weight average molecular weight, and the dispersity in the
respective resins are shown in the table below.

TABLE 1

[Chem. 166]
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Compositional
ratio (% by
Polymer mole) Mw Mw/Mn
Aa-1 50/50 6000 1.5
Aa-2 30/70 6500 1.4
Aa-3 45/55 8000 1.4
Aa-4 100 15000 1.7
Aa-5 60/40 6000 1.4
Aa-6 40/60 8000 1.4
Aa-7 30/40/30 8000 1.4
Aa-8 60/40 8000 1.3
Aa-9 50/50 6000 1.4
Aa-10 40/40/20 7000 1.4
Aa-11 40/30/30 9000 1.6
Aa-12 30/30/40 6000 1.4
Aa-13 60/40 9500 1.4
Aa-14 60/40 8000 1.4
Aa-15 35/35/30 7000 1.4
Aa-16 50/40/5/5 6800 1.3
Aa-17 20/30/50 8000 1.4
Aa-18 25/25/50 6000 1.4
Aa-19 100 9500 1.5
Aa-20 100 7000 1.5
Aa-21 50/50 6000 1.6
Aa-22 40/60 9600 1.3
Aa-23 100 20,000 1.7
Aa-24 100 25,000 1.4

Aa-25 100 15,000 1.7
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Aa-26 100 12,000 1.8
Aa-27 100 18,000 1.3
Aa-28 70/30 15,000 2.0
Aa-29 80/15/5 18,000 1.8
Aa-30 60/40 25,000 1.8
Aa-31 90/10 19,000 1.6
Aa-32 60/40 20,000 1.8
Aa-33 50/30/20 11,000 1.6
Aa-34 60/40 12,000 1.8
Aa-35 60/40 15,000 1.6
Aa-36 100 22,000 1.8
Aa-37 20/80 35,000 1.6
Aa-38 30/70 12,000 17
Aa-39 30/70 9,000 15
Aa-40 100 9,000 15
Aa-41 40/15/45 12,000 19
Aa-42 30/30/40 13,000 2.0
Aa-43 40/40/20 23,000 2.1
Aa-44 65/30/5 25,000 1.6
Aa-45 100 15,000 17
Aa-46 20/80 9,000 17
Aa-47 70/30 18,000 15
Aa-48 60/20/20 18,000 1.8
Aa-49 100 12,000 14
Aa-50 60/40 20,000 1.6
Aa-51 70/30 33,000 2.0
Aa-52 60/40 19,000 1.8
Aa-53 50/50 15,000 15
Aa-54 40/20/40 35,000 19
Aa-55 100 16,000 14

Since the hydrophobic resin (Aa) containing at least either
fluorine atoms or silicon atoms is included in the actinic
ray-sensitive or radiation-sensitive resin composition of the
present invention, the resin (Aa) is unevenly distributed at a
surface layer of the film formed from the actinic ray-sensitive
or radiation-sensitive resin composition and when the liquid
immersion medium is water, the receding contact angle of the
film surface with water can be increased, thereby enhancing
the followability of the liquid for liquid immersion.

The receding contact angle of the film including the actinic
ray-sensitive or radiation-sensitive resin composition of the
present invention that has been baked but is not yet exposed,
as measured at the exposure temperature, generally room
temperature of 23+3° C. and a humidity of 45£5%, is prefer-
ably in the range of 60° to 90°, more preferably 65° or more,
still more preferably 70° or more and most preferably 75° or
more.

The resin (Aa) is, as described above, unevenly distributed
at the interface but unlike a surfactant, need not necessarily
have a hydrophilic group in the molecule and may not con-
tribute to uniform mixing of polar/nonpolar substances.

In the liquid immersion exposure step, the liquid for liquid
immersion needs to move on a wafer following the movement
of'an exposure head that is scanning the wafer at a high speed
and forming an exposure pattern. Therefore, the contact angle
of the liquid for liquid immersion with the resist film in a
dynamic state is important, and the resist is required to have a
performance of allowing liquid droplets to follow the high-
speed scanning of an exposure head without leaving any
liquid droplets.

As the resin (Aa) is hydrophobic, the problems of devel-
opment residue (scum) and BLOB defect after alkaline devel-
opment are likely to become serious. However, improvement
of performance in terms of the development residue (scum)
and BLOB defect can be attained due to an increase in alkali
dissolution rate by containing three or more polymer chains
combined together through at least one branch point, as com-
pared with linear chain resins.
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When the resin (Aa) contains fluorine atoms, the content of
the fluorine atoms is preferably from 5 to 80% by mole, and
more preferably from 10 to 80% by mole, based on the
molecular weight of the resin (Aa). The proportion of the
repeating units containing a fluorine atom is preferably from
10 to 100% by mole, and more preferably 30 to 100% by
mole, based on all repeating units in the resin (Aa).

When the resin (Aa) contains silicon atoms, the content of
the silicon atoms is preferably from 2 to 50% by mole, and
more preferably from 2 to 30% by mole, based on the molecu-
lar weight of the resin (Aa). The proportion of the repeating
units containing a silicon atom is preferably from 10 to 90%
by mole, and more preferably 20 to 80% by mole, based on all
the repeating units of the resin (Aa).

The weight average molecular weight of the resin (Aa) is
preferably 1,000 to 100,000, more preferably 2,000 to
50,000, and still more preferably 3,000 to 30,000. Here, the
weight average molecular weight of the resin indicates a
molecular weight in terms of polystyrene as measured by
GPC (carrier: tetrahydrofuran (THF)). Specifically, the
weight average molecular weight (Mw) of the resin (Aa) may
be determined by using, for example, HLC-8120 (manufac-
tured by Tosoh Corporation) using TSK gel Multipore
HXL-M (manufactured by Tosoh Corporation, 7.8 mm
1ID%30.0 cm) as a column and THF as an eluent.

The content of the resin (Aa) in the actinic ray-sensitive or
radiation-sensitive resin composition may be adjusted prior
to use so that the receding contact angle of the film formed of
the actinic ray-sensitive or radiation-sensitive resin composi-
tion falls within the above-specified range. The content of the
resin (Aa) is preferably 0.01 to 20% by mass, more preferably
0.1 to 15% by mass, still more preferably 0.1 to 10% by mass,
and particularly preferably 0.5 to 8% by mass, based on the
total solid contents of the actinic ray-sensitive or radiation-
sensitive resin composition.
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The resins (Aa) may be used alone or in combination of two
or more thereof.

(5) Basic Compound

The composition according to the present invention may
further contain a basic compound (except for nitrogen-con-
taining compounds represented by the general formulae (N1)
and (N2)). The basic compound is preferably a compound
having higher basicity than phenol. Further, this basic com-
pound is preferably an organic basic compound, and more
preferably a nitrogen-containing basic compound.

The usable nitrogen-containing basic compound is not par-
ticularly limited, but, for example, the compounds classified
into (1) to (7) below can be used.

(1) Compound Represented by General Formula (BS-1)

[Chem. 169]
(BS-1)
R
R—N—R

In the general formula (BS-1),

R’s each independently represent any a hydrogen atom or
an organic group, provided that at least one of three R’s is an
organic group. This organic group is a linear or branched alkyl
group, a monocyclic or polycyclic cycloalkyl group, an aryl
group, or an aralkyl group.

The number of carbon atoms of the alkyl group as R is not
particularly limited, but, it is usually 1 to 20, and preferably 1
to 12.

The number of carbon atoms of the cycloalkyl group as R
is not particularly limited, but it is usually 3 to 20, and pref-
erably 5to 15.

The number of carbon atoms of the aryl group as R is not
particularly limited, but it is usually 6 to 20, and preferably 6
to 10. In particular, examples of the aryl group include a
phenyl group and a naphthyl group.

(Chem. 170]
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The number of carbon atoms of the aralkyl group as R is not
particularly limited, but it is usually 7 to 20, and preferably 7
to 11. In particular, examples of the aralkyl group include a
benzyl group.

Inthe alkyl group, the cycloalkyl group, the aryl group, and
the aralkyl group as R, a hydrogen atom may be substituted
with a substituent. Examples of the substituent include an
alkyl group, a cycloalkyl group, an aryl group, an aralkyl
group, a hydroxy group, a carboxy group, an alkoxy group, an
aryloxy group, an alkylcarbonyloxy group, and an alkyloxy-
carbonyl group.

Moreover, in the compounds represented by the general
formula (BS-1), it is preferable that at least two members out
of R’s be an organic group.

Specific examples of the compound represented by the
general formula (BS-1) include tri-n-butylamine, tri-n-pen-
tylamine, tri-n-octylamine, tri-n-decylamine, triisodecy-
lamine, dicyclohexylmethylamine, tetradecylamine, penta-

decylamine, hexadecylamine, octadecylamine,
dodecylamine, methyloctadecylamine, dimethylundecy-
lamine, N,N-dimethyldodecylamine, methyldioctadecy-

lamine, N,N-dibutylaniline, N,N-dihexylaniline, 2,6-diiso-
propylaniline, and 2.4,6-tri(t-butyl)aniline.

Furthermore, preferred examples of the basic compound
represented by the general formula (BS-1) include those in
which at least one of the R’s is an alkyl group substituted with
a hydroxyl group can be mentioned. Specific examples of the
compound include triethanolamine and N,N-dihydroxyethy-
laniline.

In addition, with respect to the alkyl group as R, an oxygen
atom may be present in the alkyl chain so as to form an
oxyalkylene chain. The oxyalkylene chain is preferably
—CH,CH,0—. Specific examples thereof include tris(meth-
oxyethoxyethyl)amine, and the compounds exemplified in
column 3 line 60 et seq. of U.S. Pat. No. 6,040,112A.

Examples of the basic compound represented by the gen-
eral formula (BS-1) include the following.
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(2) Compound Having Nitrogen-containing Heterocyclic
Structure

The nitrogen-containing heterocyclic structure may or may
not have aromaticity. Further, it may have a plurality of nitro-
gen atoms, and also may have a heteroatom other than nitro-
gen. Examples thereof include compounds having an imida-
zole structure (2-phenylbenzoimidazole, 2.4,5-
triphenylimidazole, and the like), compounds having a
piperidine structure (N-hydroxyethylpiperidine, bis(1,2,2,6,
6-pentamethyl-4-piperidyl) sebacate, and the like), com-
pounds having a pyridine structure (4-dimethylaminopyri-
dine and the like), and compounds having an antipyrine
structure (antipyrine, hydroxyantipyrine, and the like).

In addition, compounds with two or more ring structures
can be appropriately used. Specific examples thereof include
1,5-diazabicyclo[4.3.0]non-5-ene and  1,8-diazabicyclo
[5.4.0]-undec-7-ene.

(3) Amine Compound Containing Phenoxy Group

The amine compounds containing a phenoxy group are
those having a phenoxy group at the end of the alkyl group of
each of the amine compounds opposite to the nitrogen atom.
The phenoxy group may have a substituent, such as an alkyl
group, an alkoxy group, a halogen atom, a cyano group, a
nitro group, a carboxyl group, a carboxylic ester group, a
sulfonic ester group, an aryl group, an aralkyl group, an
acyloxy group, and an aryloxy group.

Compounds having at least one oxyalkylene chain between
the phenoxy group and the nitrogen atom are more preferred.
The number of oxyalkylene chains in each molecule is pref-
erably in the range of 3 to 9, and more preferably 4 to 6.
Among the oxyalkylene chains, —CH,CH,O0— is prefer-
able.

Specific  examples thereof include 2-[2-{2-(2,2-
dimethoxy-phenoxyethoxy)ethyl}-bis-(2-methoxyethyl)]-
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amine, compounds (C1-1) to (C5_;) exemplified in the para-
graph 0066 of US2007/0224539A1, and the like.

The amine compound having a phenoxy group can be
obtained by, for example, first heating a primary or secondary
amine having a phenoxy group and a haloalkyl ether so as to
effect a reaction therebetween, subsequently adding an aque-
ous solution of a strong base such as sodium hydroxide,
potassium hydroxide, and tetraalkylammonium, and thereaf-
ter carrying out an extraction with an organic solvent such as
ethyl acetate and chloroform. Alternatively, the amine com-
pound having a phenoxy group can be obtained by first heat-
ing a primary or secondary amine and a haloalky] ether hav-
ing a phenoxy group at its terminus so as to effect a reaction
therebetween, subsequently adding an aqueous solution of a
strong base such as sodium hydroxide, potassium hydroxide,
and a tetraalkylammonium, and thereafter carrying out an
extraction with an organic solvent such as ethyl acetate and
chloroform.

(4) Ammonium Salt

As the basic compound, an ammonium salt may also be
suitably used. Examples of the anion of the ammonium salt
include halide, sulfonate, borate, and phosphate. Among
these, halide and sulfonate are particularly preferred.

The halide is particularly preferably chloride, bromide or
iodide.

The sulfonate is particularly preferably organic sulfonate
having 1 to 20 carbon atoms. Examples of the organic sul-
fonate include an alkyl sulfonate and an aryl sulfonate each
having 1 to 20 carbon atoms.

The alkyl group contained in the alkyl sulfonate may have
a substituent, and examples of the substituent include a fluo-
rine atom, a chlorine atom, a bromine atom, an alkoxy group,
an acyl group, and an aryl group. Specific examples of the
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alkyl sulfonate include methane sulfonate, ethane sulfonate,
butane sulfonate, hexane sulfonate, octane sulfonate, benzyl
sulfonate, trifluoromethane sulfonate, pentafluoroethane sul-
fonate and nonafluorobutane sulfonate.

Examples of the aryl group contained in aryl sulfonate
include a phenyl group, a naphthyl group and an anthryl
group. These aryl groups may have a substituent. Preferred
examples of the substituent include a linear or branched alkyl
group having 1 to 6 carbon atoms and a cycloalkyl group
having 3 to 6 carbon atoms. Specific preferred examples
thereof include a methyl group, an ethyl group, an n-propyl
group, an isopropyl group, an n-butyl group, an i-butyl group,
a t-butyl group, an n-hexyl group, and a cyclohexyl group,
and other examples of the substituent include an alkoxy group
having 1 to 6 carbon atoms, a halogen atom, cyano, nitro, an
acyl group and an acyloxy group.

The ammonium salt may be hydroxide or carboxylate. In
this case, the ammonium salt is particularly preferably tet-
raalkylammonium hydroxide having 1 to 8 carbon atoms,
such as tetramethylammonium hydroxide, tetraethylammo-
nium hydroxide and tetra-(n-butyl)ammonium hydroxide.

Preferred examples of the basic compound include guani-
dine, aminopyridine, aminoalkylpyridine, aminopyrrolidine,
indazole, imidazole, pyrazole, pyrazine, pyrimidine, purine,
imidazoline, pyrazoline, piperazine, aminomorpholine, and
aminoalkylmorpholine. These may further have a substituent.

Preferred examples of the substituent include an amino
group, an aminoalkyl group, an alkylamino group, an ami-
noaryl group, an arylamino group, an alkyl group, an alkoxy
group, an acyl group, an acyloxy group, an aryl group, an
aryloxy group, a nitro group, a hydroxyl group, and a cyano
group.

Particularly preferred examples of the basic compound
include guanidine, 1,1-dimethylguanidine, 1,1,3,3, -tetram-
ethylguanidine, imidazole, 2-methylimidazole, 4-methylimi-
dazole, N-methylimidazole, 2-phenylimidazole, 4,5-diphe-
nylimidazole, 2.4,5-triphenylimidazole, 2-aminopyridine,
3-aminopyridine, 4-aminopyridine, 2-dimethylaminopyri-
dine, 4-dimethylaminopyridine, 2-diethylaminopyridine,
2-(aminomethyl)pyridine, 2-amino-3-methylpyridine,
2-amino-4-methylpyridine, 2-amino-5-methylpyridine,
2-amino-6-methylpyridine, 3-aminoethylpyridine, 4-amino-
ethylpyridine, 3-aminopyrrolidine, piperazine, N-(2-amino-
ethyl)piperazine, N-(2-aminoethyl)piperidine, 4-amino-2,2,
6,6 tetramethylpiperidine, 4-piperidinopiperidine,
2-iminopiperidine, 1-(2-aminoethyl)pyrrolidine, pyrazole,
3-amino-5-methylpyrazole, 5-amino-3-methyl-1-p-
tolylpyrazole, pyrazine, 2-(aminomethyl)-5 methylpyrazine,
pyrimidine, 2,4-diaminopyrimidine, 4,6-dihydroxypyrimi-
dine, 2-pyrazoline, 3-pyrazoline, and N-aminomorpholine,
and N-(2-aminoethyl)morpholine.

(5) Compound (PA) Containing Functional Group which
has Proton Acceptor Properties and is Decomposed by Irra-
diation of Actinic Rays or Radiation to Produce Compound
Exhibiting Lower Proton Acceptor Properties, or No Proton
Acceptor Properties, or Exhibiting Acid Properties Derived
from Proton Acceptor Properties

The composition according to the present invention may
further contain, as a basic compound, a compound containing
a functional group with proton acceptor properties, which is
decomposed by the irradiation of actinic rays or radiation to
produce a compound exhibiting lower proton acceptor prop-
erties lower, or no proton acceptor properties, or exhibiting
acid properties derived from the proton acceptor properties
(hereinafter also referred to as a compound (PA)).

The functional group with proton acceptor properties
refers to a functional group having a group, or an electron,
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capable of electrostatic interaction with a proton, and, for
example, means a functional group with a macrocyclic struc-
ture, such as a cyclopolyether, or a functional group contain-
ing a nitrogen atom with an unshared electron pair not con-
tributing to m-conjugation. The nitrogen atom with an
unshared electron pair not contributing to m-conjugation is,
for example, a nitrogen atom with any of the partial structures
of the following general formula.

[Chem. 172]

@ Unshared electron pair

Examples of the partial structures of the functional groups
with proton acceptor properties include crown ether, azac-
rown ether, primary to tertiary amine, pyridine, imidazole and
pyrazine structures.

The compound (PA) is decomposed by irradiation of
actinic rays or radiation to produce a compound exhibiting
lower proton acceptor properties lower, or no proton acceptor
properties, or exhibiting acid properties derived from the
proton acceptor properties of the compound (PA). The
expression “exhibiting lower proton acceptor properties
lower, or no proton acceptor properties, or exhibiting acid
properties derived from the proton acceptor properties of the
compound (PA)” refers to a change of proton acceptor prop-
erties caused by the addition of a proton to the functional
group with proton acceptor properties. In particular, the
expression means that when a proton adduct is formed from
the compound (PA) containing a functional group with proton
acceptor properties and a proton, the equilibrium constant of
the chemical equilibrium thereof is decreased.

The proton acceptor properties can be ascertained by per-
forming pH measurement. In the present invention, it is pref-
erable for the acid dissociation constant pKa of the compound
produced by the decomposition of the compound (PA) by
irradiation of actinic rays or radiation to satisfy the relation-
ship pKa<—1. Satistying the relationship -13<pKa<-1 is
more preferred, and satisfying the relationship —-13<pKa<-3
is further more preferred.

Inthe present invention, the acid dissociation constant pKa
refers to the acid dissociation constant pKa in an aqueous
solution, for example, any of those listed in Chemical Hand-
book (IT) (Revised 47 Edition, 1993, edited by The Chemical
Society of Japan, published by Maruzen Co., Ltd.). The lower
the value of acid dissociation constant, the greater the acid
strength. For example, the acid dissociation constant pKa in
an aqueous solution can be actually measured through the
determination of the acid dissociation constant at 25° C. using
an infinitely diluted aqueous solution. Alternatively, the val-
ues based on a database of heretofore known literature values
and Hammett’s substituent constants can be determined by
calculation by means of the following software package 1. All
the pKa values appearing in this description are those deter-
mined by calculation by means of this software package.

Software package 1: Advanced Chemistry Development
(ACD/Labs) Software V 8.14 for Solaris (1994-2007 ACD/
Labs).

The compound (PA) produces, for example, any of the
compounds of the general formula (PA-1) below as the above
proton adduct produced by the decomposition by irradiation
of actinic rays or radiation. Each of the compounds of the

P /T\
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general formula (PA-1) contains not only a functional group
with proton acceptor properties but also an acidic group,
thereby being a compound exhibiting lower proton acceptor
properties lower, or no proton acceptor properties, or exhib-
iting acid properties derived from the proton acceptor prop-
erties of the compound (PA).

[Chem. 173]

Q-A-(X),—B—R

In the general formula (PA-1),

Q represents —SO;H, —CO,H, or —X,;NHX,Rf, in
which Rf represents an alkyl group, a cycloalkyl group, or an
aryl group, and X, and X, each independently represent
—SO0,— or —CO—.

A represents a single bond or a divalent connecting group.

X represents —SO,— or —CO—.

n represents 0 or 1.

B represents a single bond, an oxygen atom, or —N(Rx)
Ry-, in which Rx represents a hydrogen atom or a monovalent
organic group, and Ry represents a single bond or a divalent
organic group, provided that Rx may be bonded to Ry to form
a ring or may be bonded to R to form a ring.

R represents a monovalent organic group containing a
functional group with proton acceptor properties.

The general formula (PA-1) will be described in greater
detail.

The divalent connecting group in A is preferably a divalent
connecting group having 2 to 12 carbon atoms, and examples
thereofinclude an alkylene group and a phenylene group. The
divalent connecting group is more preferably an alkylene
group having at least one fluorine atom, preferably having 2 to
6 carbon atoms, and more preferably 2 to 4 carbon atoms. The
alkylene chain may contain a connecting group such as an
oxygen atom and a sulfur atom. The alkylene group is par-
ticularly preferably an alkylene group where from 30 to 100%
by number of the hydrogen atoms are substituted with fluo-
rine atoms, more preferably an alkylene group where the
carbon atoms bonded to the Q site has fluorine atoms, still
more preferably a perfluoroalkylene group, and even still
more preferably a perfluoroethylene group, a pertluoropro-
pylene group, or a perfluorobutylene group.

The monovalent organic group in R, is preferably a
monovalent organic group having 1 to 30 carbon atoms, and
examples thereof include an alkyl group, a cycloalkyl group,
an aryl group, an aralkyl group, and an alkenyl group. These
groups may further have a substituent.

The alkyl group in Rx may have a substituent and is pref-
erably a linear or branched alkyl group having 1 to 20 carbon
atoms, and the alkyl chain may contain an oxygen atom, a
sulfur atom, or a nitrogen atom.

The divalent organic group in Ry is preferably an alkylene
group.

As the ring structure that may be formed by the mutual
bonding of Rx and Ry, there can be mentioned a 5- to
10-membered, especially preferably 6-membered, ring con-
taining a nitrogen atom.

Furthermore, the alkyl group having a substituent includes
a group where a cycloalkyl group is substituted particularly
on a linear or branched alkyl group (for example, an adaman-
tylmethyl group, an adamantylethyl group, a cyclohexylethyl
group, and a camphor residue).

The cycloalkyl group in R, may have a substituent and is
preferably a cycloalkyl group having 3 to 20 carbon atoms,
and the cycloalkyl group may contain an oxygen atom in the
ring.

(PA-1)
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The aryl group in R, may have a substituent and is prefer-
ably an aryl group having 6 to 14 carbon atoms.

The aralkyl group in R, may have a substituent and is
preferably an aralkyl group having 7 to 20 carbon atoms.

The alkenyl group in R may have a substituent and
includes, for example, a group having a double bond at an
arbitrary position of the alkyl group described as Rx.

The functional group with proton acceptor properties in R
is as set forth above. There can be mentioned groups with, for
example, a nitrogen atom-containing heterocyclic aromatic
structure, such as an azacrown ether, a primary to tertiary
amine, pyridine or imidazole.

As the organic group containing any of these structures, the
organic group preferably has 4 to 30 carbon atoms, and
examples thereof include an alkyl group, a cycloalkyl group,
an aryl group, an aralkyl group, and an alkenyl group.

The alkyl group, cycloalkyl group, aryl group, aralkyl
group and alkenyl group in the functional group with proton
accepting properties or ammonium group-containing alkyl,
cycloalkyl, aryl, aralkyl and alkenyl groups in R are the same
as the alkyl group, the cycloalkyl group, the aryl group, the
aralkyl group, and the alkenyl group described with respect to
R, above.

Examples of the substituent which the respective groups
above may have include a halogen atom, a hydroxyl group, a
nitro group, a cyano group, a carboxy group, a carbonyl
group, a cycloalkyl group (preferably having 3 to 10 carbon
atoms), an aryl group (preferably having 6 to 14 carbon
atoms), an alkoxy group (preferably having 1 to 10 carbon
atoms), an acyl group (preferably having 2 to 20 carbon
atoms), an acyloxy group (preferably having 2 to 10 carbon
atoms), an alkoxycarbonyl group (preferably having 2 to 20
carbon atoms), and an aminoacyl group (preferably having 2
to 20 carbon atoms). As for the cyclic structure in the aryl
group, the cycloalkyl group, or the like, as well as the ami-
noacyl group, other examples of the substituent include an
alkyl group (preferably having 1 to 20 carbon atoms).

When B is —N(Rx)Ry-, it is preferable that R and Rx be
bonded to each other to form a ring. By virtue of forming a
ring structure, the stability is enhanced and the composition
using this compound is also enhanced in the storage stability.
The number of carbon atoms constituting the ring is prefer-
ably from 4 to 20, and the ring may be monocyclic or poly-
cyclic and may contain an oxygen atom, a sulfur atom, or a
nitrogen atom in the ring.

Examples of the monocyclic structure include a 4-, 5-, 6-,
7-, or 8-membered ring containing a nitrogen atom. Examples
of'the polycyclic structure include a structure composed of a
combination of two monocyclic structures or three or more
monocyclic structures. The monocyclic structure and poly-
cyclic structure may have a substituent, and preferred
examples of the substituent include a halogen atom, a
hydroxyl group, a cyano group, a carboxy group, a carbonyl
group, a cycloalkyl group (preferably having 3 to 10 carbon
atoms), an aryl group (preferably having 6 to 14 carbon
atoms), an alkoxy group (preferably having 1 to 10 carbon
atoms), an acyl group (preferably having 2 to 15 carbon
atoms), an acyloxy group (preferably having 2 to 15 carbon
atoms), an alkoxycarbonyl group (preferably having 2 to 15
carbon atoms), and an aminoacyl group (preferably having 2
to 20 carbon atoms). As for the cyclic structure in the aryl
group, a cycloalkyl group and the like, examples of the sub-
stituent further include an alkyl group (preferably having 1 to
15 carbon atoms). As for the aminoacyl group, examples of
the substituent further include an alkyl group (preferably
having 1 to 15 carbon atoms).
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Rfof —X NHX,Rfrepresented by Q is preferably an alkyl
group having 1 to 6 carbon atoms in which fluorine atoms are
optionally contained, and more preferably a perfluoroalkyl
group having 1 to 6 carbon atoms. Preferably, at least one of
X, and X, is —SO,—, and more preferably, both of X, and
X, are —SO,—.

Among the compounds represented by the general formula
(PA-I), a compound where the Q site is a sulfonic acid can be
synthesized using a general sulfonamidation reaction. For
example, this compound can be obtained by a method of
selectively reacting one sulfonyl halide moiety of a bis-sul-
fonyl halide compound with an amine compound to form a
sulfonamide bond and then hydrolyzing the other sulfonyl
halide moiety, or a method of ring-opening a cyclic sulfonic
anhydride through reaction with an amine compound.

It is preferable for the compound (PA) to be an ionic com-
pound. The functional group with proton acceptor properties
may be contained in either moiety, of an anion moiety or a
cation moiety. Preferably, the functional group is contained in
an anion moiety.

The compound (PA) is preferably any of the compounds of
the following general formulae (4) to (6).

[Chem. 174]

R—Xo—N—X;-A-(X),—B—R[C]" e
R—SO;7[C]* ®
R—CO,T[C]* 6

In the general formulae (4) to (6), A, X, n, B, R, Rf, X, and
X, have the same definitions as in the general formula (PA-1),
respectively.

C* represents a counter cation.

The counter cation is preferably an onium cation. More
particularly, as preferred examples thereof, there can be men-
tioned a sulfonium cation described above as being expressed
by S (R,0;1) (Ry01) (Rsgs) of the general formula (Z1) and an
iodonium cation described above as being expressed by I'*
(R,04) (R0 of the general formula (ZI1) in the photo-acid
generators.

Specific examples of the compounds (PA) are shown
below, but the present invention is not limited thereto.

[Chem. 175]
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Furthermore, in the present invention, the compounds (PA)
other than those producing the compounds represented by the
general formula (PA-1) can be appropriately selected. For
example, compounds which are the ionic compounds and
each contain a proton acceptor moiety at their cation parts
may be used. More specific examples of the compound

include compounds represented by the following general for-
mula (7).
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[Chem. 183]
@]
<
R7A"—Ry),

In the formula, A represents a sulfur atom or an iodine
atom.

mis 1 or2,andnis 1 or 2, provided that when A is a sulfur
atom, m+n=3, and that when A is an iodine atom, m+n=2.

R represents an aryl group.

R, represents an aryl group substituted with a functional
group with proton acceptor properties.

X represents a counter anion.

Specific examples of X include the same groups as X~ in
the general formula (ZI).

A preferred specific example of the aryl groups of R and R,
is a phenyl group.

Specific examples of the functional groups with proton
acceptor properties introduced in R, are the same functional
group with proton accepting properties as set forth above with
respect to the formula (PA-1).

In the composition of the present invention, the content of
the compound (PA) in the entire composition is preferably in
the range of 0.1 to 10% by mass, and more preferably 11to 8%
by mass, based on the total solid contents.

(6) Guanidine Compound

The composition of the present invention may further con-
tain a guanidine compound having a structure represented by
the following formula.

[Chem. 184]
N

A

N N

The guanidine compound exhibits strong basicity because
dispersion of positive electric charges of a conjugate acid is
stabilized by three nitrogen atoms.

As for the basicity of the guanidine compound (A) for use
in the present invention, the pKa of the conjugate acid is
preferably 6.0 or more, and more preferably from 7.0 to 20.0
in view of high neutralization reactivity with an acid and
excellent roughness performance, and still more preferably
from 8.0 to 16.0.

Due to such strong basicity, the compound can suppress the
diffusion of an acid and contribute to the formation of an
excellent pattern profile.

Furthermore, the “pKa” as used herein is pKa in an aque-
ous solution and described, for example, in Chemical Hand-
book (II), 4” ed., 1993, compiled by The Chemical Society of
Japan, Maruzen, and a lower value indicates higher acid
strength. Specifically, the pKa in an aqueous solution can be
measured in practice by using an infinite-dilution aqueous
solution and measuring the acid dissociation constant at 25°
C., or a value based on the Hammett substituent constants and
the database of known publications can be determined by
computation using the following software package 1. All
values of pKa cited in the specification of the present inven-
tion are a value determined by computation using this soft-
ware package.

Software Package 1: Advanced Chemistry Development
(ACD/Labs) Software V 8.14 for Solaris (1994-2007 ACD/
Labs)

10

15

20

25

30

35

40

45

50

55

60

65

408

In the present invention, the log P is a logarithmic value of
the n-octanol/water partition coefficient (P) and is an effective
parameter capable of characterizing the hydrophilicity/hy-
drophobicity for compounds over a wide range. The partition
coefficient is usually determined by computation but not from
experiments and in the present invention, a value computed
using CS ChemDraw Ultra Ver. 8.0 software package (Crip-
pen’s fragmentation method) is employed.

Furthermore, the log P of the guanidine compound (A) is
preferably 10 or less. When the value is in this range, the
compound can be uniformly contained in the resist film.

The log P of the guanidine compound (A) in the present
invention is preferably in a range of 2 to 10, more preferably
in a range of 3 to 8, and still more preferably in a range of 4 to
8.

Furthermore, the guanidine compound (A) in the present
invention preferably contains no nitrogen atoms except for in
the guanidine structure.

Specific examples of the guanidine compound are shown
below, but the present invention is not limited thereto.

[Chem. 185]
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(7) Low Molecular Compound Containing Nitrogen Atom
and Containing Group that Leaves by Action of Acid

The composition of the present invention may contain a
low molecular compound containing a nitrogen atom and a
group capable of leaving by the action of an acid (also
referred to as a “low molecular compound (D)” or a “com-
pound (D)”). The low molecular compound (D) preferably
has basicity after the group capable of leaving by the action of
an acid leaves.

The group capable of leaving by the action of an acid is not
particularly limited, but an acetal group, a carbonate group, a
carbamate group, a tertiary ester group, a tertiary hydroxyl 35
group, and a hemiaminal ether group are preferred, and a
carbamate group and a hemiaminal ether group are particu-
larly preferred.

The molecular weight of the low molecular compound (D)
containing a group capable of leaving by the action of an acid 40
is preferably from 100 to 1,000, more preferably from 100 to
700, and particularly preferably from 100 to 500.

As the compound (D), an amine derivative containing
group capable of leaving by the action of an acid on a nitrogen
atom is preferred. 45

The compound (D) may contain a carbamate group having
a protecting group on a nitrogen atom. The protecting group
constituting the carbamate group can be represented by the
following general formula (d-1).

S
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3\
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50

[Chem. 189]
(d-1)
(€] R
P -
O R’
In the general formula (d-1), 60
each R'independently represents a hydrogen atom, a linear
or branched alkyl group, a cycloalkyl group, an aryl group, an
aralkyl group, or an alkoxyalkyl group. R’s may be bonded to
each other to form a ring.
R'is preferably a linear or branched alkyl group, cycloalkyl 65

group, or aryl group, and more preferably a linear or branched
alkyl group or a cycloalkyl group.
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The compound (D) can be formed by any combination of
the basic compound as described later and a structure repre-
sented by the general formula (d-1).

The compound (D) is particularly preferably one having a
structure represented by the following general formula (A).

Furthermore, the compound (D) may correspond to the
basic compound as long as it is a low molecular compound
containing group capable of leaving by the action of an acid.
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(A)
0 R,
Ry
( R 9\ )<
~N 0 R,

Inthe general formula (A), R , represents a hydrogen atom,
analkyl group, a cycloalkyl group, an aryl group, or an aralkyl
group. Further, with n=2, two R,’s may be the same as or
different from each other, or the two R,,’s may be bonded to
each other to form a divalent heterocyclic hydrocarbon group
(preferably having 20 or less carbon atoms) or a derivative
thereof.

R,’s each independently represent a hydrogen atom, an
alkyl group, a cycloalkyl group, an aryl group, or an alkoxy-
alkyl group. However, in—C(R,)(R,)(R,), when one or more
R,’s are hydrogen atoms, at least one of the remaining R, ’s is
a cyclopropyl group, a 1-alkoxyalkyl group, or an aryl group.

At least two R,’s may be bonded to form an aliphatic
hydrocarbon group, an aromatic hydrocarbon group, a het-
erocyclic hydrocarbon group, or a derivative thereof.

nrepresents an integer of'0 to 2 and m represents an integer
of 1 to 3, with n+m=3.

In the general formula (A), each of the alkyl group, the
cycloalkyl group, the aryl group, and the aralkyl group rep-
resented by R, and R, may be substituted with a functional
group such as a hydroxyl group, a cyano group, an amino
group, a pyrrolidino group, a piperidino group, a morpholino
group, and an oxo group, an alkoxy group, or a halogen atom.
The alkoxyalkyl group represented by R, is also the same.

Examples of the alkyl group, cycloalkyl group, aryl group
and aralkyl group (each of the alkyl group, the cycloalkyl
group, the aryl group, and the aralkyl group may be substi-
tuted with the above-described functional group, an alkoxy
group, or a halogen atom) of R, and/or R, include:

a group derived from a linear or branched alkane such as
methane, ethane, propane, butane, pentane, hexane, heptane,
octane, nonane, decane, undecane, and dodecane, or a group
where the group derived from an alkane is substituted with
one or more kinds of or one or more groups of cycloalkyl
groups such as a cyclobutyl group, a cyclopentyl group, and a
cyclohexyl group;

a group derived from a cycloalkane such as cyclobutane,
cyclopentane, cyclohexane, cycloheptane, cyclooctane, nor-
bornane, adamantane, and noradamantane, or a group where
the group derived from a cycloalkane is substituted with one
or more kinds of or one or more groups of linear or branched
alkyl groups such as a methyl group, an ethyl group, an
n-propyl group, an i-propyl group, an n-butyl group, a 2-me-
thylpropyl group, a 1-methylpropyl group, and a t-butyl
group;

a group derived from an aromatic compound such as ben-
zene, naphthalene or anthracene, or a group where the group
derived from an aromatic compound is substituted with one or
more kinds of or one or more groups of linear or branched
alkyl groups such as a methyl group, an ethyl group, an
n-propyl group, an i-propyl group, an n-butyl group, a 2-me-
thylpropyl group, a 1-methylpropyl group, and a t-butyl
group;

a group derived from a heterocyclic compound such as
pyrrolidine, piperidine, morpholine, tetrahydrofuran, tet-
rahydropyran, indole, indoline, quinoline, perhydroquino-
line, indazole, and benzimidazole, or a group where the group
derived from a heterocyclic compound is substituted with one

10

15

20

25

30

35

40

45

50

55

60

426

or more kinds of or one or more groups of linear or branched
alkyl groups or aromatic compound-derived groups; a group
where the group derived from a linear or branched alkane or
the group derived from a cycloalkane is substituted with one
or more kinds of or one or more groups of aromatic com-
pound-derived groups such as a phenyl group, a naphthyl
group and an anthracenyl group; and a group where the sub-
stituent above is substituted with a functional group such as a
hydroxyl group, a cyano group, an amino group, a pyrrolidino
group, a piperidino group, a morpholino group, and an oxo
group.

Incidentally, examples of the divalent heterocyclic hydro-
carbon group (preferably having 1 to 20 carbon atoms)
formed by the mutual bonding of R,,’s or a derivative thereof
include a group derived from a heterocyclic compound such
as pyrrolidine, piperidine, morpholine, 1,4,5,6-tetrahydropy-
rimidine, 1,2,3,4-tetrahydroquinoline, 1,2,3,6-tetrahydropy-
ridine, homopiperazine, 4-azabenzimidazole, benzotriazole,
5-azabenzotriazole, 1H-1,2,3-triazole, 1,4,7-triazacy-
clononane, tetrazole, 7-azaindole, indazole, benzimidazole,
imidazo[1,2-a]pyridine, (18,48)-(+)-2,5-diazabicyclo[2.2.1]
heptane, 1,5,7-triazabicyclo[4.4.0]dec-5-ene, indole, indo-
line, 1,2,3,4-tetrahydroquinoxaline, perhydroquinoline and
1,5,9-triazacyclododecane, and a group where the group
derived from a heterocyclic compound is substituted with one
ormore kinds of or one or more groups of a linear or branched
alkane-derived group, a cycloalkane-derived group, an aro-
matic compound-derived group, a heterocyclic compound-
derived group, and a functional group such as a hydroxyl
group, a cyano group, an amino group, a pyrrolidino group, a
piperidino group, a morpholino group and an oxo group.

Specific examples of the particularly preferable compound
(D) in the present invention are shown below, but the present
invention is not limited thereto.
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The compound represented by the general formula (A) can
be synthesized, based on JP2007-298569A and JP2009-
199021A, and the like.

In the present invention, the low molecular compound (D)
may be used alone or in mixture of two or more kinds thereof.

The composition of the present invention may not contain
the low molecular compound (D), but in the case where it
contains the low molecular compound (D), the content of the
compound (D) is usually from 0.001 to 20% by mole, pref-
erably from 0.001 to 10% by mole, more preferably from 0.01
to 5% by mole, based on the total solid contents of the com-
position combined with the basic compound.

Furthermore, in the case where the composition of the
present invention contains an acid generator, the ratio
between the acid generator and the compound (D) used in the
composition is preferably acid generator/[compound (D)+the
following basic compound](molar ratio)=from 2.5 to 300.
That is, the molar ratio is preferably 2.5 or more from the
viewpoint of sensitivity and resolution, and preferably 300 or
less from the viewpoint of suppressing the reduction in reso-
Iution due to thickening of the resist pattern with aging after
exposure until heat treatment. The acid generator/[compound
(D)+the basic compound above](molar ratio) is more prefer-
ably from 5.0 to 200, and still more preferably from 7.0 to
150.

Other examples of the compounds usable in the composi-
tion according to the present invention include the com-
pounds synthesized in Examples of JP2002-363146A, and
the compounds described in paragraph 0108 of JP2007-
298569A.
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Furthermore, photosensitive basic compounds may be
used as the basic compound. As photosensitive basic com-
pounds, use can be made of, for example, the compounds
described in JP2003-524799A, J. Photopolym. Sci&Tech.
Vol. 8, p. 543-553 (19995), etc.

The molecular weight of the basic compound is usually
from 100 to 1,500, preferably from 150 to 1,300, and more
preferably from 200 to 1,000.

This basic compound may be used alone or in combination
of two or more kinds thereof.

In the case where the composition according to the present
invention contains a basic compound the content of the basic
compound is preferably 0.01 to 8.0% by mass, more prefer-
ably 0.1 to 5.0% by mass, and particularly preferably 0.2 to
4.0% by mass, based on the total solid contents of the com-
position.

The molar ratio of the basic compound to the photo-acid
generator is preferably from 0.01 to 10, more preferably from
0.05 to 5, and still more preferably from 0.1 to 3. When this
molar ratio is excessively high, the sensitivity and/or resolu-
tion may decrease in some cases. When this molar ratio is
excessively small, there is a possibility that reduction in the
pattern occurs between the exposure and the heating (post-
bask). The molar ratio is more preferably from 0.05 to 5, and
still more preferably from 0.1 to 3. The photo-acid generator
as used in the molar ratio is based on the total amount of the
repeating unit (B) of the resin and the photo-acid generator
which the resin may further contain.

(6) Acid Proliferator

The actinic ray-sensitive or radiation-sensitive composi-
tion of the present invention may further one or two or more
kinds of compounds capable of decomposing by the action of
an acid to generate an acid (hereinafter also referred to as an
acid proliferator). The acid that the acid proliferator generates
is preferably a sulfonic acid, a methide acid, an imide acid, or
the like. The content of the acid proliferator is preferably 0.1
to 50% by mass, more preferably 0.5 to 30% by mass, and still
more preferably 1.0 to 20% by mass, based on the total solid
contents of the composition.

The amount ratio of the acid proliferator to the acid gen-
erator (the solid fraction of the acid proliferator based on the
total solid contents of the composition/the solid fraction of
the acid generator based on the total solid contents of the
composition) is not particularly limited, but is preferably 0.01
to 50, more preferably 0.1 to 20, and particularly preferably
0.2t 1.0.

Examples of the compound that can be used in the present
invention are shown below, but the present invention is not
limited thereto.
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(7) Surfactant

The composition of the present invention may further con-
tain a surfactant. The surfactant is particularly preferably a
fluorine-based and/or silicon-based surfactant.

40

Examples of the fluorine-based and/or silicone-based sur- *

factant include Megaface F176 or Megaface RO8 manufac-
tured by DIC Corporation, PF656 and PF6320 manufactured
by OMNOVA SOLUTIONS, INC., Troy Sol S-366 manufac-
tured by Troy Chemical Co., Ltd., Fluorad FC430 manufac-
tured by Sumitomo 3M Ltd., and polysiloxane polymer
KP-341 manufactured by Shin-Etsu Chemical Co., Ltd.

Surfactants other than these fluorine-based and/or silicone-
based surfactants may also be used. Examples of such other
surfactants include nonionic surfactants such as polyoxyeth-
ylene alkyl ethers and polyoxyethylene alkylaryl ethers.

Moreover, other generally known surfactants may also be
appropriately used. Examples of the useful surfactants
include those described in 0273 et seq. of US 2008/0248425
Al.

These surfactants may be used alone or in combination of
two or more kinds thereof.

In the case where the composition according to the present
invention further contains a surfactant, the amount of surfac-
tant used is preferably in the range of 0.0001 to 2% by mass,
and more preferably 0.001 to 1% by mass, based on the total
solid contents of the composition.
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(8) Dye

The composition according to the present invention may
further include a dye. Examples of suitable dyes include oil
dyes and basic dyes. Specific examples thereof include Oil
Yellow #101, Oil Yellow #103, Oil Pink #312, Oil Green BG
Oil Blue BOS, Oil Blue #603, Oil Black BY, Oil Black BS and
Oil Black T-505 (all manufactured by Orient Chemical Indus-
tries, Ltd.), Crystal Violet (CI42555), Methyl Violet
(CI142535), Rhodamine B (CI45170B), Malachite Green
(CI42000), and Methylene Blue (CI52015).

(9) Photo-Base Generator

The composition according to the present invention may
further contain a photo-base generator. When a photo-base
generator is contained, a more excellent pattern can be
formed.

Examples of the photo-base generator include compounds
described in JP1992-151156A (JP-H04-151156A), JP1992-
162040A (JP-H04-162040A), JP1993-197148A (JP-HOS-
197148A), JP1993-5995A  (JP-H05-5995), JP1994-
194834A (JP-H06-194834), JP1996-146608A (JP-HOR-
146608A), and JP1998-83079 (JP-H10-83079A), and
EP622,682B.

Specific preferred examples of the photo-base generator
include 2-nitrobenzylcarbamate, 2,5-dinitrobenzylcyclo-
hexylcarbamate, N-cyclohexyl-4-methylphenylsulfonamide,
and 1,1-dimethyl-2-phenylethyl-N-isopropylcarbamate.

(10) Antioxidant

The composition according to the present invention may
further contain an antioxidant. When an antioxidant is con-
tained, the organic material can be prevented from oxidation
in the presence of oxygen.

Examples of the antioxidant include a phenol-based anti-
oxidant, an antioxidant composed of an organic acid deriva-
tive, a sulfur-containing antioxidant, a phosphorus-based
antioxidant, an amine-based antioxidant, an antioxidant com-
posed of an amine-aldehyde condensate, and an antioxidant
composed of an amine-ketone condensate. Among these anti-
oxidants, a phenol-based antioxidant or an antioxidant com-
posed of an organic acid derivative is particularly preferably
used. When such an antioxidant is used, the function as an
antioxidant can be brought out without deteriorating the per-
formance of the composition.

As the phenol-based antioxidant, for example, substituted
phenols, and bis-, tris-, and poly-phenols may be used.

Examples of the substituted phenols include 1-oxy-3-me-
thyl-4-isopropylbenzene, 2,6-di-tert-butylphenol, 2,6-di-
tert-butyl-4-ethylphenol, 2,6-di-tert-butyl-4-methylphenol,
4-hydroxymethyl-2,6-di-tert-butylphenol, butylhydroxyani-
sole, 2-(1-methylcyclohexyl)-4,6-dimethylphenol, 2,4-dim-
ethyl6-tert-butylphenol, 2-methyl-4,6-dinonylphenol, 2,6-
di-tert-butyl-a.-dimethylamino-p-cresol, 6-(4-hydroxy-3,5-
di-tert-butylanilino)2,4-bis-octyl-thio-1,3,5 triazine,
n-octadecyl-3-(4'-hydroxy-3',5'-di-tertbutylphenyl)propi-
onate, octylated phenol, aralkyl-substituted phenols, alky-
lated p-cresol, and hindered phenol.

Examples of the bis-, tris-, and poly-phenols include 4,4'-
dihydroxydiphenyl, = methylenebis(dimethyl-4,6-phenol),
2,2'-methylene-bis-(4-methyl-6-tert-butylphenol), 2,2'-me-
thylene-bis-(4-methyl-6-cyclohexylphenol), 2,2'-methylene-
bis-(4-ethyl-6-tert-butylphenol), 4,4'-methylene-bis-(2,6-di-
tert-butylphenol), 2,2'-methylene-bis-(6-alphamethyl-
benzyl-p-cresol), methylene-crosslinked polyhydric
alkylphenol, 4.4'-butylidenebis-(3-methyl-6-tertert-bu-
tylphenol), 1,1-bis-(4-hydroxyphenyl)cyclohexane, 2,2'-di-
hydroxy-3,3'-di-(a-methylcyclohexyl)-5,5'-dimethyldiphe-
nylmethane, alkylated bisphenol, hindered bisphenol, 1,3,5-
trimethyl-2,4,6-tris(3,5-di-tertert-butyl-4-hydroxybenzyl)
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benzene, tris(2-methyl-4-hydroxy-5-tertert-butylphenyl)
butane, tetrakis-[methylene-3-(3',5'-di-tertert-butyl-4'-

hydroxyphenyl)propionate]methane.

Preferred examples of the antioxidants include 2,6-di-t-
butyl-4-methylphenol, 4-hydroxymethyl-2,6-di-t-butylphe-
nol, 2,2'-methylenebis(4-methyl-6-t-butylphenol), butylhy-
droxyani sole, t-butylhydroquinone, 2.4,5-
trihydroxybutyrophenone, nordihydroguaiaretic acid, propyl
gallate, octyl gallate, lauryl gallate, and isopropyl citrate.
Among these, 2,6-di-t-butyl-4-methylphenol, 4-hydroxym-
ethyl-2,6-di-t-butylphenol, butylhydroxyanisole and t-butyl-
hydroquinone are preferred, and 2,6-di-t-butyl-4-methylphe-
nol and 4-hydroxymethyl-2,6-di-t-butylphenol are more
preferred.

These antioxidants may be used alone or in combination of
two or more kinds thereof.

In the case where the composition according to the present
invention contains an antioxidant, the addition amount of
antioxidant is preferably 1 ppm or more, more preferably 5
ppm or more, still more preferably 10 ppm or more, even still
more preferably 50 ppm or more, particularly preferably 100
ppm or more, and most preferably 100 to 1,000 ppm.

(11) Solvent

The composition according to the present invention may
further contain a solvent. As the solvent, an organic solvent is
typically used. Examples of the organic solvent include alky-
lene glycol monoalkyl ether carboxylate, alkylene glycol
monoalkyl ether, alkyl lactate, alkyl alkoxypropionate, cyclic
lactone (preferably having 4 to 10 carbon atoms), a monoke-
tone compound (preferably having 4 to 10 carbon atoms)
which may contain a ring, alkylene carbonate, alkyl alkoxy-
acetate, and alkyl pyruvate.

Preferred examples of the alkylene glycol monoalkyl ether
carboxylate include propylene glycol monomethyl ether
acetate (PGMEA; also called 1-methoxy-2-acetoxypropane),
propylene glycol monoethyl ether acetate, propylene glycol
monopropyl ether acetate, propylene glycol monobutyl ether
acetate, propylene glycol monomethyl etherpropionate, pro-
pylene glycol monoethyl etherpropionate, ethylene glycol
monomethyl ether acetate, and ethylene glycol monoethyl
ether acetate.

Examples of the alkylene glycol monoalkyl ether include
propylene glycol monomethyl ether (PGME; also called
1-methoxy-2-propanol), propylene glycol monoethyl ether,
propylene glycol monopropyl ether, propylene glycol
monobutyl ether, ethylene glycol monomethyl ether, and eth-
ylene glycol monoethy] ether.

Examples of the alkyl lactate include methyl lactate, ethyl
lactate, propyl lactate, and butyl lactate.

Examples of the alkyl alkoxypropionate include ethyl
3-ethoxypropionate, methyl 3-methoxypropionate, methyl
3-ethoxypropionate, and ethyl 3-methoxypropionate.

Examples of the cyclic lactone include -propiolactone,
[p-butyrolactone, y-butyrolactone, a-methyl-y-butyrolactone,
[-methyl-y-butyrolactone, y-valerolactone, y-caprolactone,
y-octanoic lactone, and a-hydroxy-y-butyrolactone.

Examples of the monoketone compound which may con-
tain a ring include 2-butanone, 3-methylbutanone, pina-
colone, 2-pentanone, 3-pentanone, 3-methyl-2-pentanone,
4-methyl-2-pentanone, 2-methyl-3-pentanone, 4,4-dim-
ethyl-2-pentanone, 2,4-dimethyl-3-pentanone, 2,2.4.4-tet-
ramethyl-3-pentanone, 2-hexanone, 3-hexanone, 5-methyl-
3-hexanone, 2-heptanone, 3-heptanone, 4-heptanone,
2-methyl-3-heptanone, S5-methyl-3-heptanone, 2,6-dim-
ethyl-4-heptanone, 2-octanone, 3-octanone, 2-nonanone,
3-nonanone, S5-nonanone, 2-decanone, 3-decanone, 4-de-
canone, S5-hexen-2-one, 3-penten-2-one, cyclopentanone,
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2-methylcyclopentanone, 3-methylcyclopentanone, 2,2-
dimethylcyclopentanone,  2.4,4-trimethylcyclopentanone,
cyclohexanone, 3-methylcyclohexanone, 4-methylcyclohex-
anone, 4-ethylcyclohexanone, 2,2-dimethylcyclohexanone,
2,6-dimethylcyclohexanone, 2,2,6-trimethylcyclohexanone,
cycloheptanone, 2-methylcycloheptanone and 3-methyley-
cloheptanone.

Examples of the alkylene carbonate include propylene car-
bonate, vinylene carbonate, ethylene carbonate, and butylene
carbonate.

Examples of the alkyl alkoxyacetate include 2-methoxy-
ethyl acetate, 2-ethoxyethyl acetate, 2-(2-ethoxyethoxy )ethyl
acetate, 3-methoxy-3-methylbutyl acetate, and 1-methoxy-2-
propyl acetate.

Examples of the alkyl pyruvate include methyl pyruvate,
ethyl pyruvate, and propyl pyruvate.

As the solvent, a solvent having a boiling point of 130° C.
or higher at ordinary temperature under atmospheric pressure
is preferably used. Specific examples thereof include cyclo-
pentanone, y-butyrolactone, cyclohexanone, ethyl lactate,
ethylene glycol monoethyl ether acetate, PGMEA, ethyl
3-ethoxypropionate, ethyl pyruvate, 2-ethoxyethyl acetate,
2-(2-ethoxyethoxy)ethyl acetate, and propylene carbonate.

These solvents may be used alone or in a mixture of two or
more kinds thereof. In the latter case, a mixed solvent of a
solvent containing a hydroxyl group and a solvent not con-
taining a hydroxyl group are preferably used.

Examples of the solvent containing a hydroxyl group
include ethylene glycol, ethylene glycol monomethyl ether,
ethylene glycol monoethyl ether, propylene glycol, PGME,
propylene glycol monoethyl ether, and ethyl lactate. Among
these, PGME and ethyl lactate are particularly preferred.

Examples of the solvent not containing a hydroxyl group
include PGMEA, ethyl ethoxypropionate, 2-heptanone, y-bu-
tyrolactone, cyclohexanone, butyl acetate, N-methylpyrroli-
done, N,N-dimethylacetamide and dimethylsulfoxide.
Among these, propylene glycol monomethyl ether acetate,
ethyl ethoxypropionate, 2-heptanone, y-butyrolactone, cyclo-
hexanone and butyl acetate are preferred. Among these,
PGMEA, ethyl ethoxypropionate and 2-heptanone are more
preferred.

In the case of using a mixed solvent of a solvent containing
a hydroxyl group and a solvent not containing a hydroxyl
group, the mass ratio therebetween is preferably from 1/99 to
99/1, more preferably from 10/90 to 90/10, and still more
preferably from 20/80 to 60/40.

Incidentally, when a mixed solvent containing 50% by
mass or more of a hydroxyl group-free solvent is used, par-
ticularly excellent coating uniformity can be achieved. Inci-
dentally, the solvent is particularly preferably a mixed solvent
of PGMEA and one or more kinds of other solvents.

The content of the solvent in the composition of the present
invention may be appropriately adjusted according to the
desired film thickness or the like, but the composition is
usually prepared such that the entire solid content concentra-
tion of the composition becomes from 0.5 to 30% by mass,
preferably from 1.0 to 20% by mass, and more preferably
from 1.5 to 10% by mass.

<Pattern Forming Method>

The present invention relates to an actinic ray-sensitive or
radiation-sensitive film formed using the above-described
composition of the present invention. Further, the pattern
forming method of the present invention includes a step of
exposing and developing the actinic ray-sensitive or radia-
tion-sensitive film.

The composition according to the present invention is typi-
cally used as follows. That is, the composition according to
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the present invention is typically coated on a support such as
substrate to form a film. The thickness of the film is preferably
from 0.02 to 0.1 pm. The method for coating the composition
on a substrate is preferably spin coating, and the spinning
speed is preferably from 1,000 to 3,000 rpm.

For example, the composition is coated on such a substrate
(for example, a silicon/silicon dioxide-coated substrate, and a
silicon nitride and chromium-deposited quartz substrate) as
used in the production of a precision integrated circuit device,
an imprint mold or the like, by using a spinner, a coater, or the
like. Thereafter, the coating is dried to obtain actinic ray-
sensitive or radiation-sensitive film (hereinafter also referred
to as a resist film). Incidentally, a known antireflection film
may also be previously provided by coating.

Subsequently, the actinic ray-sensitive or radiation-sensi-
tive film is irradiated with actinic rays or radiation, then
preferably baked (usually at 80 to 150° C., and preferably 90
to 130° C.), and developed. By performing baking, a more
excellent pattern can be obtained.

Examples of the actinic ray or radiation include infrared
light, visible light, ultraviolet light, far ultraviolet light, X ray
and electron beam. An actinic ray or radiation having, for
example, a wavelength of 250 nm or less, particularly 220 nm
orless, is preferred. Examples of such actinic rays or radiation
include KrF excimer laser (248 nm), ArF excimer laser (193
nm), F, excimer laser (157 nm), X ray, and electron beam.
Preferred examples of the actinic ray or radiation include KrF
excimer laser, electron beam, X ray, and EUV light, and more
preferably electron beam, X ray, and EUV light.

That is, the present invention also relates to actinic ray-
sensitive or radiation-sensitive resin composition for KrF
excimer laser, electron beam, X ray or EUV light (preferably
electron beam, X ray, or EUV light).

In the development step, an alkali developer is usually
used.

Examples of the alkali developer include an alkaline aque-
ous solution containing inorganic alkalis such as sodium
hydroxide, potassium hydroxide, sodium carbonate, sodium
silicate, sodium metasilicate, and aqueous ammonia, primary
amines such as ethylamine and n-propylamine, secondary
amines such as diethylamine and di-n-butylamine, tertiary
amines such as triethylamine and methyldiethylamine, alco-
hol amines such as dimethylethanolamine and triethanola-
mine, quaternary ammonium salts such as tetramethylammo-
nium hydroxide and tetraethylammonium hydroxide, or
cyclic amines such as pyrrole and piperidine.

Furthermore, an appropriate amount of an alcohol and/or a
surfactant may be added to the alkali developer.

The concentration of the alkali developer is usually from
0.1 to 20% by mass. The pH of the alkali developer is usually
from 10.0 to 15.0.

Moreover, an imprint mold may be produced using the
composition according to the present invention. For details,
reference may be made to, for example, JP4109085B,
JP2008-162101A, and “Basic and  Technology
Expansion*Application Development of Nanoimprint-Sub-
strate Technology of Nanoimprint and Latest Technology
Expansion, edited by Yoshihiko Hirai (published by Frontier
Publishing)”.

The composition of the present invention may also be used
in the process, in which after coating, forming a film, and
exposing the film, development using a developer having an
organic solvent as a main component is performed to obtain a
negative tone pattern. For such as process, for example, a
process described in JP2010-217884 A may be used.

The vapor pressure of the developer having an organic
solvent as a main component (the overall vapor pressure in the
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case of a mixed solvent) is preferably 5 kPa or less, more
preferably 3 kPa or less, and particularly preferably 2 kPa at
20° C. By setting the vapor pressure of the organic solvent at
5 kPa or less, the evaporation of the developer on a substrate
or in a developing cup is suppressed, and thus, the tempera-
ture uniformity in the wafer surface is improved. As a result,
the dimension uniformity in the wafer surface becomes good.

As the organic solvent used in the developer, various
organic solvents are used widely, but, for example, solvents
such as an ester-based solvent, a ketone-based solvent, an
alcohol-based solvent, an amide-based solvent, an ether-
based solvent, and a hydrocarbon-based solvent may be used.

Inthe present invention, the ester-based solvent is a solvent
having an ester group in the molecule, the ketone-based sol-
vent is a solvent having a ketone group in the molecule, the
alcohol-based solvent is a solvent having an alcoholic
hydroxyl group in the molecule, the amide-based solvent is a
solvent having an amide group in the molecule, and the ether-
based solvent is a solvent having an ether bond in the mol-
ecule. Among these, there exists a solvent having a plurality
of types of the above-described functional groups in one
molecule, and in such as case, it is assumed that the solvent
corresponds to any of the solvent species containing a func-
tional group contained by the solvent. For example, it is
assumed that diethylene glycol monomethyl ether corre-
sponds to any of the alcohol-based solvents and the ether-
based solvents among the classes above. Further, the hydro-
carbon-based solvent is a hydrocarbon solvent having no
substituent.

In particular, preferred is the developer containing at least
one solvent selected from the ketone-based solvent, the ester-
based solvent, the alcohol-based solvent, and the ether-based
solvent.

A plurality of the solvents above may be mixed or a mixture
of a solvent and a solvent other than the solvents above or
water may be used. However, in order to sufficiently exhibit
the effects of the present invention, the water content of the
entire developer is preferably less than 10% by mass, and
more preferably substantially does not contain water.

The concentration of the organic solvent in the developer
(the sum in the case of a mixture of the plurality of the organic
solvents) is preferably 50% by mass or more, more preferably
70% by mass or more, and still more preferably 90% by mass
or more. A case where the developer contains substantially
only the organic solvent is particularly preferred. Further, the
case where the developer contains substantially only the
organic solvent means that the developer contains trace
amounts of a surfactant, an antioxidant, a stabilizer, an anti-
foaming agent, or the like.

It is more preferable that the developer contain at least one
selected from the group consisting of butyl acetate, pentyl
acetate, isopentyl acetate, propylene glycol monomethyl
ether acetate, 2-heptanone, and anisole, among the solvents
above.

EXAMPLES
The present invention is described in greater detail below,
but the contents of the present invention are not limited
thereto.
Synthesis Example 1
Synthesis of Compound (AM-21)

The compound (AM-21) was synthesized according to the
following scheme.
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10.00 g of the following compound (1) was dissolved in
100.00 g of methylene chloride, and 51.29 g of triethylamine
was added thereto, followed by cooling to 0° C. 14.26 g of the
following compound (2) and 90.00 g of a methylene chloride
solution were added dropwise thereto. After stirring for 3
hours, a saturated aqueous sodium hydrogen carbonate solu-
tion was added to the mixture. Subsequently, 300 g of meth-
ylene chloride was added thereto, and an operation for
extracting a product from the aqueous layer was carried out
three times. The obtained organic layer was dried over anhy-
drous magnesium sulfate, and the solvent was evaporated.
The residue was isolated and purified by column chromatog-
raphy to obtain 11.00 g of a compound (AM-21).

'H-NMR (ppm, CDCL,): 1.22 (9H, s), 4.05 (2H, d), 4.30
(2H, d), 7.25-7.33 (10H, m)

[Chem. 196]
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(AM-21)

Synthesis Example 2
Synthesis of Compound (AM-31)

The compound (AM-31) was synthesized according to the
following scheme.

10.00 g of the following compound (3) was dissolved in
300.00 g of dehydrated tetrahydrofuran, and 8.31 g of triethy-
lamine was added thereto, followed by cooling to 0° C. 16.05
g of the following compound (4) was added thereto, and the
mixture was stirred at room temperature for 30 minutes, and
then heated and refluxed for 5 hours. Subsequently, the mix-
ture was left to be cooled to room temperature, and then 1,000
g of ethyl acetate was added thereto. Thereafter, the organic
layer was washed with 300 g of ion exchange water three
times, and then dried over anhydrous magnesium sulfate, and
the solvent was removed by distillation. The residue was
isolated and purified by column chromatography to obtain
12.95 g of a compound (AM-31).
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'H-NMR (ppm, toluene-d,): 1.34 (3H, 1), 2.4-2.7 (2H, m),
5.59(1H,d),6.75 (1H, q), 7.0-7.2 (3H, m), 7.88 (1H, d), 8.29
(1H, d)

NO,
NZ xm S
e
NO,
)
3)
NO,
A %
NO,

(AM-31)

[Chem. 197]

(Other Nitrogen-Containing Compounds)

Among the nitrogen-containing compounds (AM-1) and
(AM-41) mentioned above, the compounds in Tables as
described later other than the compounds (AM-21) and (AM-
31) were synthesized as other nitrogen-containing com-
pounds, by the same methods as those of Synthesis Examples
1 and 2 above.

Synthesis Example 3

Synthesis of Resin (Ab-14)

The resin (Ab-14) was synthesized by the same method as
the synthesis method for the polymer (B-2) described in para-
graph 0153 of JP2007-052193A.

Synthesis Example 4

Synthesis of Resin (Ab-97)

The resin (Ab-97) was synthesized by the same method as
the synthesis method for the polymer (A-1) described in
paragraph 0357 of JP2009-86358A.

Synthesis Example 5

Synthesis of Resin (Ab-245)

The resin (Ab-245) was synthesized in accordance with the
following scheme.
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Ab-245

<Synthesis of Compound (5)>

100.00 g of the compound (1) was dissolved in 400 g of
ethyl acetate. The obtained solution was cooled to 0° C., and
47.60 g of sodium methoxide (28%-by-mass methanol solu-
tion) was added dropwise thereto over 30 minutes. Thereafter,
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the mixture was stirred at room temperature over 5 hours.
Ethyl acetate was added to the reaction solution, and subse-
quently, the organic layer was washed with distilled water
three times and then dried over anhydrous sodium sulfate.
The solvent was removed by distillation. In this way, 131.70
g of a compound (2) (54%-by-mass ethyl acetate solution)
was obtained.

56.00 g of ethyl acetate was added to 18.52 g of the com-
pound (2) (54%-by-mass ethyl acetate solution) was added.
31.58 g of 1,1,2,2,3 3-hexafluoropropane-1,3-disulfonyl dif-
luoride was added thereto, followed by cooling to 0° C. A
solution formed by dissolving 12.63 g of triethylamine in
25.00 g of ethyl acetate was added dropwise to the cooled
solution over 30 minutes, and the mixture was stirred over 4
hours while maintaining the temperature of the liquid at 0° C.
Ethyl acetate was added to the obtained solution, and then the
organic layer was washed with saturated brine three times and
dried over anhydrous sodium sulfate. The solvent was
removed by distillation. In this way, 32.90 g of a compound
(3) was obtained.

35.00 g of the compound (3) was dissolved in 315 g of
methanol, followed by cooling to 0° C. 245 gofa 1 N aqueous
sodium hydroxide solution was added thereto, and the mix-
ture was stirred at room temperature for 2 hours. The solvent
was removed by distillation, and then ethyl acetate was added
thereto. The organic layer was washed with saturated brine
three times, followed by drying over anhydrous sodium sul-
fate, and the solvent was removed by distillation. In this way,
34.46 g of a compound (4) was obtained.

28.25 g of the compound (4) was dissolved in 254.25 g of
methanol, 23.34 g of triphenylsulfonium bromide was added
thereto and the mixture was stirred at room temperature for 3
hours. The solvent was removed by distillation, distilled
water was added thereto, and the product was extracted with
chloroform three times. The obtained organic layer was
washed with distilled water three times, and then the solvent
was removed by distillation. In this way, 42.07 g of a com-
pound (5) was obtained.

<Synthesis of Resin (Ab-245)>

8.15 g of the compound (6) (53.1%-by-mass propylene
glycol monomethyl ether solution), 6.14 g of the compound
(7), 7.31 g of the compound (5), and 2.07 g of a polymeriza-
tion initiator V-601 (manufactured by Wako Pure Chemical
Industries, Ltd.) were dissolved in 30.13 g of propylene gly-
col monomethyl ether (PGME). Under a nitrogen gas atmo-
sphere, the obtained solution was added dropwise to 7.53 g of
PGME that had been heated to 85° C. over 2 hours. The
reaction solution was heated and stirred over 4 hours, and then
left to be cooed to room temperature.

The reaction solution was diluted by the addition 0f 30 g of
acetone. The diluted solution was added dropwise to 1,000 g
of hexane/ethyl acetate=8/2, and the polymer was precipi-
tated and filtered. 250 g of hexane/ethyl acetate=8/2 was used
and poured into the filtered solid for washing. The obtained
solid was dissolved in 70 g of acetone, and the solution was
added dropwise to 700 g of methanol/distilled water=1/9 to
precipitate a polymer, followed by filtration. 150 g of metha-
nol/distilled water=1/9 was used and poured into the filtered
solid for washing. Thereafter, the washed solid was provided
to be dried under reduced pressure to obtain 13.87 g of a resin
Ab-245.

(Other Resins (Ab))

Among the resins (Ab-1) to (Ab-283) mentioned above,
the respective resins shown in Table 2 were synthesized as the
resins (Ab) other than the resins (Ab-14), (Ab-97), and (Ab-
245) by the same methods as those mentioned in Synthesis
Examples 3 to 5.
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With respect to the resins (Ab) synthesized above, the
weight average molecular weight and the dispersity were
measured using GPC (manufactured by Tosoh Corp., HL.C-
8120; Tsk gel Multipore HXL.-M). The results obtained are
shown in Tables below together with the compositional ratios. 5
Further, in this GPC measurement, THF was used as the
solvent.

TABLE 2
10
Weight
average
molecular

weight Compositional ratio Dispersity
Ab-14 3,00 70 30 — — — 1.10
Ab-17 12000 10 6 25 — 1.12 15
Ab-97 18000 50 40 10 — @ — 1.61
Ab-120 7,000 60 40 — @ —  — 1.45
Ab-143 8500 40 15 20 25 @ — 1.69
Ab-167 3,500 55 45— — 1.12
Ab-173 4000 60 40 — — 1.15
Ab-178 24,000 50 35 5 -  — 1.65 20
Ab-232 10,000 45 10 35 10 @ — 1.55
Ab-233 11,000 10 3 10 35 10 1.53
Ab-234 10,000 10 3 10 35 10 1.56
Ab-238 5000 45 25 525 — 1.73
Ab-240 20,000 55 40 50— — 1.50
Ab-245 9,000 40 48 12 @ — @ — 1.38 25
Ab-269 10,000 50 50 — — @ — 1.13
Ab-273 17,000 70 30 — — — 1.15
Ab-275 5000 60 40 — @ —  — 1.16
Ab-277 7,000 75 25 00— — @ — 1.16
Ab-281 12000 30 10 60 — @ — 1.55
Ab-282 15000 45 55 00— — 1.58 30
Ab-283 9,000 20 507 = — 1.60

<Resin (Aa)>

Among the resins (Aa-1) to (Aa-55) mentioned above,
(Aa-1), (Aa-16), (Aa-29), and (Aa-52) shown in Tables 3 and 33
6 were used as the resin (Aa).

<Photo-Acid Generator>

Among the compounds (B-1) to (B-183), (Y-1) to (Y-75)
mentioned above, the compounds shown in Tables 3 and 4 ,,
were used as the photo-acid generator.

<Basic Compound>

Any one of the following N-1 to N-4 was used as the basic
compound other than the nitrogen-containing compound of

the present invention. 45
[Chem. 199]
N-1
50
55
N 7z NH

N-2
OH
(\O/\/

PV NP N s

65

450

-continued
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<Surfactant>

Any one of the following W-1 to W-4 was used as the
surfactant.

W-1: Megaface RO8 (manufactured by Dainippon Ink &
Chemicals, Inc.; fluorine- and silicon-based)

W-2: Polysiloxane Polymer KP-341 (manufactured by
Shin-Etsu Chemical Co., Ltd.; silicon-based)

W-3: Troysol S-366 (manufactured by Troy Chemical;
fluorine-based)

W-4: PF6320 (manufactured by OMNOVA; fluorine-
based)

<Solvent>

Any one of the following S-1 to S-4 was appropriately
mixed and used as the solvent.

S-1: PGMEA (b.p.=146° C.)

S-2: PGME (b.p.=120° C.)

S-3: Methyl lactate (b.p.=145° C.)

S-4: Cyclohexanone (b.p.=157° C.)

<Developer>

G-1: Butyl acetate

G-2: Methyl amy] ketone (2-heptanone)

G-3: Anisole

<Rinsing Liquid>

G-4: 4-Methyl-2-pentanol

G-5: 1-Hexanol

G-6: Decane

<Evaluation of Resist: EB Exposure, Alkali Development/
Positive Tone Pattern>

The components shown in Table 3 below were dissolved in
the solvent shown in the same Tables to prepare a solution
having a solid content concentration of 3.0% by mass. This
solution was finely filtered through a membrane filter having
a pore size of 0.1 um to obtain a resist solution.

The numerical value of “% by mass” shown in Table 3 is a
value based on the entire solid content excluding the surfac-
tant of the composition. Incidentally, the content of the sur-
factant is 0.01% by mass based on the entire solid content
excluding the surfactant of the composition.

o

I N N—

/

o
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The positive tone resist solution above was coated on a
hexamethyldisilazane-treated silicon substrate by using a
spin coater and dried by heating on a hot plate at 100° C. for
60 seconds to obtain a resist film having an average thickness
of 100 nm.

This resist film was irradiated with electron beam using an
electron beam irradiation apparatus (HL.750, manufactured
by Hitachi, Ltd., accelerating voltage: 50 keV). Immediately
after the irradiation, the film was baked on a hot plate at 100°
C. for 90 seconds, then developed with an aqueous tetram-
ethylammonium hydroxide solution having a concentration
ot 2.38% by mass at 23° C. for 60 seconds, rinsed with pure
water for 30 seconds, and dried by heating at 95° C. for 60
seconds. In this way, a line-and-space pattern (line:space=1:
1) was formed.

<Evaluation of Resist: EB Exposure, Organic Solvent
Development/Negative Tone Pattern>

The components shown in Table 4 below were dissolved in
the solvent shown in the same Tables to prepare a solution
having a solid content concentration of 3.0% by mass. This
solution was finely filtered through a membrane filter having
a pore size of 0.1 um to obtain a resist solution.

The numerical value of “% by mass” shown in Table 4 is a
value based on the entire solid content excluding the surfac-
tant of the composition. Incidentally, the content of the sur-
factant is 0.01% by mass based on the entire solid content
excluding the surfactant of the composition.

A pattern formation was carried out in the same manner as
for the alkali development/positive pattern except that the
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development was carried out by means of an organic devel-
oper instead of the alkali developer while irradiating the
inverted drawing area with an electron beam, the develop-
ment was carried out for 30 seconds instead of 60 seconds,
and an organic rinsing liquid was used instead of pure water
as the rinsing liquid.

For each of the obtained positive tone pattern and the
negative tone pattern, the sensitivity, the pattern profiles, and
the resolution were evaluated by the evaluation methods
described below.

(Sensitivity)

The cross-sectional profile of the obtained line-and-space
pattern was observed using a scanning electron microscope
(S-4800, manufactured by Hitachi, [.td.), and the minimum
irradiation energy when resolving a line having a line width of
100 nm was determined. This value was shown as “Sensitivity
(uC/cm?)”. The evaluation results are shown in Table 3.

(Pattern Profile)

The cross-sectional profile of the 100-nm line pattern (line:
space=1:1) at the irradiation dose giving the sensitivity above
was observed using a scanning electron microscope (S-4800,
manufactured by Hitachi, [.td.), and the profile was evaluated
on a 3-stage scale, that is, “Rectangular”, “Tapered”, and
“Reversely tapered”.

(Resolution)

In the sensitivity obtained above, a minimum nm at which
resolution could be made with line:space=1:1 was observed
using a scanning electron microscope.

The evaluation results are shown in Tables 3 and

TABLE 3

(EB Exposure, Alkali Development)

Resist composition

Photo-acid Surfactant Evaluation results
Resin (Aa)  Resin (Ab)  Solvent generator Basic compound  (0.01% by  Sensitivity Resolution
(% by mass) (% by mass) (mass ratio) (% by mass) (2% by mass) mass) (C/em?) Pattern profile (nm)
Ex. 1 — Ab-17 S-4/8-3 B-110 AM-10/N-2 W-3 20 Rectangular 62.5
(63) (80/20) (33) (80/20)
Ex.2 — Ab-178 S-2 B-122 AM-13 W-3 12 Rectangular 50.0
(88) (10)
Ex. 3 — Ab-178 S-2 B-122 AM-12 W-3 17 Rectangular 62.5
(88) (10)
Ex. 4 Aa-16 Ab-240 S-2/8-3 — AM-31 W-4 10 Rectangular 375
Q) (93) (80/20)
Ex. 5 Aa-29 Ab-173 S-1/8-2 B-123 AM-21 W-4 15 Rectangular 50.0
Q) (58) (70/30) (33)
Ex. 6 — Ab-14 S-1/8-2 B-119 AM-38 W-4 14 Rectangular 50.0
(63) (80/20) (33)
Ex. 7 — Ab-14 S-1/8-2 B-119 AM-12 W-4 21 Rectangular 62.5
(63) (80/20) (33)
Ex. 8 — Ab-232 S-2/8-4 — AM-15 W-2 26 Rectangular 87.5
(98) (70/30)
Ex. 9 — Ab-233 S-2/8-4 — AM-15 W-2 22 Rectangular 75.0
(98) (70/30)
Ex. 10 — Ab-234 S-2/8-4 — AM-15 W-2 18 Rectangular 62.5
(98) (70-30)
Ex. 11 — Ab-245 S-2/8-1 — AM-34 W-1 12 Rectangular 50.0
(98) (90/10)
Ex. 12 — Ab-143 S-4/8-1 B-118 AM-40 W-3 14 Rectangular 50.0
(63) (90/10) (33)
Ex. 13 — Ab-143 S-4/8-1 B-118 AM-38 W-3 18 Rectangular 62.5
(63) (90/10) (33)
Ex. 14 — Ab-143 S-4/8-1 B-118 AM-39 W-3 22 Rectangular 75.0
(63) (90/10) (33)
Ex. 15 — Ab-143 S-4/8-1 B-118 AM-30 W-3 26 Rectangular 87.5
(63) (90/10) (33)
Ex. 16 Aa-52 Ab-120 S-3/8-2 Y-70 AM-4 W-2 13 Rectangular 50.0
Q) (58) (90/10) (33)
Ex. 17 — Ab-97 S-1/8-2 B-149 AM-18 W-4 19 Rectangular 62.5
(63) (90/10) (33)
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TABLE 3-continued

(EB Exposure, Alkali Development)

Resist composition

Photo-acid Surfactant Evaluation results
Resin (Aa)  Resin (Ab)  Solvent generator Basic compound  (0.01% by  Sensitivity Resolution
(% by mass) (% by mass) (mass ratio) (% by mass) (2% by mass) mass) (uC/cm?) Pattern profile (nm)

Ex. 18 — Ab-167 S-1/8-4 Y-61 AM-38 W-3 11 Rectangular 375
(63) (80/20) (33)

Ex. 19 — Ab-167 S-1/8-4 Y-61 AM-41 W-3 15 Rectangular 50.0
(63) (80/20) (33)

Ex.20 — Ab-238 S-3/8-4 — AM-1/N-4 W-3 18 Rectangular 62.5
(98) (80/20) (50/50)

Ex.21 — Ab-269 S-1/8-2 B-104 AM-31 W-2 20 Rectangular 75.0
(78) (90/10) (20)

Ex.22 — Ab-273 S-1/8-2 Y-3 AM-16 W-1 12 Rectangular 62.5
(58) (70/30) (40)

Ex.23 — Ab-275 S-1/8-2 B-182 AM-38 W-4 14 Rectangular 375
(68) (70/30) (30)

Ex.24 — Ab-277 S-1/8-2 B-182 AM-30 W-3 16 Rectangular 50.0
(73) (60/40) 25)

Ex.25 — Ab-281 S-1/8-2 B-121 AM-38 W-4 18 Rectangular 62.5
(83) (80/20) (13)

Ex.26 — Ab-282 S-1/8-2 B-181 AM-5 W-3 15 Rectangular 50.0
(63) (50/50) (33)

Ex.27 — Ab-283 S-1/8-2 B-180 AM-11 W-4 15 Rectangular 62.5
(78) (60/40) (20)

Comp. — Ab-97 S-1/8-2 B-149 N-3 W-4 32 Reversely 125.0

Ex. 1 (63) (90/10) (35) tapered

Comp. — Ab-245 S-2/8-1 — N-1 W-1 33 Reversely 112.5

Ex. 2 (98) (90/10) tapered

Comp. — Ab-17 S-4/8-3 B-110 N-2 W-3 35 Reversely 125.0

Ex. 3 (63) (80/20) (35) tapered

TABLE 4

(EB Exposure, Organic Solvent Development)

Resist composition

Solvent Photo-acid  Basic Surfactant Evaluation results
Resin (Aa)  Resin (Ab)  (mass  generator compound (0.01% by Rinsing  Sensitivity Pattern Resolution
(% by mass) (% by mass) ratio) (% by mass) (2% by mass)  mass) Developer liquid (uC/em?) profile (nm)
Ex.28 — Ab-178 S-2 B-122 AM-12 W-3 G-1 G-6 14 Rectangular 75.0
(88) (10)
Ex.29 — Ab-245 S-2/8-1 — AM-34 W-1 G-1 — 15 Rectangular 62.5
(98) (90/10)
Ex.30 — Ab-143 S-4/s-1 B-118 AM-30 W-3 G-1 G-5 27 Rectangular 87.5
(63) (90/10)  (35)
Ex.31 — Ab-97 S-1/8-2 B-149 AM-18 W-4 G-3 — 20 Rectangular 75.0
(63) (90/10)  (35)
Ex.32 — Ab-281 S-1/8-2 B-121 AM-38 W-4 G-1 — 21 Rectangular 62.5
(83) (80/20) (15)
Ex.33 — Ab-282 S-1/8-2 B-181 AM-5 W-3 G-1 G-4 16 Rectangular 62.5
(63) (50/50)  (35)
Ex.34 Aal Ab-283 S-1/8-2 B-180 AM-15 W-2 G-2 — 18 Rectangular 62.5
10) (68) (60/40)  (20)
Comp. — Ab-97 S-1/8-2 B-149 N-3 W-4 G-3 — 34 Tapered 125.0
Ex. 4 (63) (90/10)  (35)
Comp. — Ab-245 S-2/8-1 — N-1 W-1 G-1 — 35 Tapered 125.0
Ex. 5 (98) (90/10)
60

<Evaluation of Resist: EUV Exposure, Alkali Develop- The numerical value of “% by mass” shown in Table 5 is a
ment/Positive Tone Pattern> value based on the entire solid content excluding the surfac-
tant of the composition. Incidentally, the content of the sur-
factant is 0.01% by mass based on the entire solid content

o5 €xcluding the surfactant of the composition.

The components shown in Table 4 below were dissolved in
the solvent shown in the same Tables to prepare a solution
having a solid content concentration of 1.5% by mass, and the
solution was filtered through a membrane filter having a pore The positive tone resist solution above was coated on a
size of 0.05 um to obtain a resist solution. hexamethyldisilazane-treated silicon substrate by using a
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spin coater and dried by heating on a hot plate at 100° C. over
60 seconds to obtain a resist film having an average thickness
of 50 nm.

This resist film was irradiated with EUV light using an
EUV exposure apparatus (Micro Exposure Tool, NAO.3,
X-dipole manufactured by Exitech, Outer Sigma 0.68, Inner
Sigma 0.36). Immediately after the irradiation, the film was
baked on a hot plate at 100° C. over 90 seconds, then devel-
oped with an aqueous tetramethylammonium hydroxide solu-
tion having a concentration of 2.38% by mass at 23° C. for 60
seconds, rinsed with pure water for 30 seconds, and dried by
heating at 95° C. for 60 seconds. In this way, a line-and-space
pattern (line:space=1:1) was formed.

<Evaluation of Resist: EUV Exposure, Organic Solvent
Development/Negative Tone Pattern>

The components shown in Table 6 below were dissolved in
the solvent shown in the same Tables to prepare a solution
having a solid content concentration of 1.5% by mass. This
solution was finely filtered through a membrane filter having
a pore size of 0.05 pm to obtain a resist solution.

The numerical value of “% by mass” shown in Table 6 is a
value based on the entire solid content excluding the surfac-
tant of the composition. Incidentally, the content of the sur-
factant is 0.01% by mass based on the entire solid content
excluding the surfactant of the composition.

A pattern formation was carried out in the same manner as
for the alkali development/positive pattern except that the
development was carried out by means of an organic devel-
oper instead of the alkali developer using an exposing mask
that inverted the pattern of the exposed mask, the develop-
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ment was carried out for 30 seconds instead of 60 seconds,
and an organic rinsing liquid was used instead of pure water
as the rinsing liquid.

For each of the obtained positive tone pattern and the
negative tone pattern, the sensitivity, the pattern profiles, the
resolution, and DOF were evaluated by the evaluation meth-
ods described below.

(Sensitivity)

First, the cross-sectional profile of the obtained line-and-
space pattern was observed using a scanning electron micro-
scope (S-4800, manufactured by Hitachi, [.td.), and the mini-
mum irradiation energy when resolving a line having a line
width of 50 nm was determined. This value was shown as
“Sensitivity (mJ/cm?)”.

(Pattern Profile)

The cross-sectional profile of the 100-nm line pattern (line:
space=1:1) at the irradiation dose giving the sensitivity above
was observed using a scanning electron microscope (S-4800,
manufactured by Hitachi, [.td.), and the profile was evaluated
on a 2-stage scale, that is, “Rectangular” and “Reversely
tapered”.

(Resolution)

In the sensitivity obtained above, a minimum nm at which
resolution could be made with line:space=1:1 was observed
using a scanning electron microscope.

(DOF)

For a 50-nm line pattern (line:space=1:1), a 50-nm isolated
line (line:space=1:10), and a 50-nm isolated trench pattern,
an acceptable range of focus variation was determined and a
common focus variation width (um) acceptable in all was
determined.

These evaluation results are shown in Tables 5 and 6.

TABLE 5

(EUV Exposure, Alkali Development)

Resist composition

Resin (Aa) Resin Photo-acid Surfactant Evaluation results
(% by (Ab) (% Solvent generator Basic compound  (0.01% by  Sensitivity Pattern Resolution DOF
mass) by mass) (mass ratio) (% by mass) (2% by mass) mass) (mJ/em?) profile (nm) (pm)
Ex.35 — Ab-17 S-4/8-3 B-110 AM-10/N-2 W-3 18 Rectangular 34.0 0.20
(63) (80/20) (35) (80/20)
Ex.36 — Ab-178 S-2 B-122 AM-13 W-3 11 Rectangular 32.0 0.25
(88) (10)
Ex.37 — Ab-178 S-2 B-122 AM-12 W-3 16 Rectangular 34.0 0.20
(88) (10)
Ex. 38 Aa-16 Ab-240 S-2/8-3 — AM-31 W-4 9 Rectangular 30.0 0.30
Q) (93) (80/20)
Ex.39 Aa-29 Ab-173 S-1/8-2 B-123 AM-21 W-4 15 Rectangular 32.0 0.25
Q) (58) (70/30) (35)
Ex. 40 — Ab-14 S-1/8-2 B-119 AM-38 W-4 11 Rectangular 32.0 0.25
(63) (80/20) (35)
Ex.41 — Ab-14 S-1/8-2 B-119 AM-12 W-4 19 Rectangular 34.0 0.20
(63) (80/20) (35)
Ex.42 — Ab-232 S-2/8-4 — AM-15 W-2 26 Rectangular 38.0 0.10
(98) (70/30)
Ex. 43 — Ab-233 S-2/8-4 — AM-15 W-2 22 Rectangular 36.0 0.15
(98) (70/30)
Ex. 44 — Ab-234 S-2/8-4 — AM-15 W-2 17 Rectangular 34.0 0.20
(98) (70/30)
Ex. 45 — Ab-245 S-2/8-1 — AM-34 W-1 12 Rectangular 32.0 0.25
(98) (90/10)
Ex.46 — Ab-143 S-4/8-1 B-118 AM-40 W-3 18 Rectangular 30.0 0.25
(63) (90/10) (35)
Ex. 47 — Ab-143 S-4/8-1 B-118 AM-38 W-3 20 Rectangular 32.0 0.20
(63) (90/10) (35)
Ex. 48 — Ab-143 S-4/8-1 B-118 AM-39 W-3 23 Rectangular 34.0 0.15
(63) (90/10) (35)
Ex.49 — Ab-143 S-4/8-1 B-118 AM-30 W-3 26 Rectangular 36.0 0.10
(63) (90/10) (35)
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(EUV Exposure, Alkali Development)

Resist composition

Resin (Aa) Resin Photo-acid Surfactant Evaluation results
(% by (Ab) (% Solvent generator Basic compound  (0.01% by  Sensitivity Pattern Resolution DOF
mass) by mass) (mass ratio) (% by mass) (2% by mass) mass) (mJ/cm?) profile (nm) (pm)
Ex. 50  Aa-52 Ab-120 S-3/8-2 Y-70 AM-4 W-2 13 Rectangular 32.0 0.25
(5) (58) (90/10) (35)
Ex.51 — Ab-97 S-1/8-2 B-149 AM-18 W-4 18 Rectangular 34.0 0.20
(63) (90/10) (35)
Ex.52 — Ab-167 S-1/8-4 Y-61 AM-38 W-3 10 Rectangular 32.0 0.25
(63) (80/20) (35)
Ex.53 — Ab-167 S-1/8-4 Y-61 AM-41 W-3 14 Rectangular 34.0 0.20
(63) (80/20) (35)
Ex.54 — Ab-238 S-3/8-4 — AM-1/N-4 W-3 17 Rectangular 34.0 0.20
(98) (80/20) (50/50)
Ex.55 — Ab-269 S-1/8-2 B-104 AM-31 W-2 18 Rectangular 38.0 0.15
(78) (90/10) (20)
Ex.56 — Ab-273 S-1/8-2 Y-3 AM-16 W-1 11 Rectangular 36.0 0.15
(58) (70/30) (40)
Ex.57 — Ab-275 S-1/8-2 B-182 AM-38 W-4 14 Rectangular 32.0 0.25
(68) (70/30) (30)
Ex. 58 — Ab-277 S-1/8-2 B-182 AM-30 W-3 15 Rectangular 34.0 0.25
(73) (60/40) (25)
Ex.59 — Ab-281 S-1/8-2 B-121 AM-38 W-4 22 Rectangular 36.0 0.20
(83) (80/20) (15)
Ex. 60 — Ab-282 S-1/8-2 B-181 AM-5 W-3 13 Rectangular 34.0 0.20
(63) (50/50) (35)
Ex. 61 — Ab-283 S-1/8-2 B-180 AM-11 W-4 19 Rectangular 38.0 0.15
(78) (60/40) (20)
Comp. — Ab-97 S-1/8-2 B-149 N-3 W-4 34 Reversely 50.0 0.05
Ex. 6 (63) (90/10) (35) tapered
Comp. — Ab-245 S-2/8-1 — N-1 W-1 33 Reversely 50.0 0.05
Ex. 7 (98) (90/10) tapered
Comp. — Ab-17 S-4/8-3 B-110 N-2 W-3 35 Reversely 50.0 0.05
Ex. 8 (63) (80/20) (35) tapered
TABLE 6
(EUV Exposure, Organic Solvent Development)
Resist composition
Photo-acid Basic
Resin (Aa) Resin Solvent generator compound Surfactant Evaluation results
(% by (Ab) (% (mass (% (2% (0.01% Rinsing  Sensitivity Pattern Resolution DOF
mass) by mass)  ratio) by mass) by mass) bymass) Developer liquid (mJ/cm?) profile (nm) (um)
Ex. 62 — Ab-178 S-2 B-122 AM-12 W-3 G-1 G-6 14 Rectangular 34.0 0.20
(88) (10)
Ex. 63 — Ab-245 S-2/8-1 — AM-34 W-1 G-1 — 16 Rectangular 34.0 0.20
(98) (90/10)
Ex. 64 — Ab-143 S-4/s-1 B-118 AM-30 W-3 G-1 G-5 28 Rectangular 36.0 0.10
(63) (90/10)  (35)
Ex. 65 — Ab-97 S-1/8-2 B-149 AM-18 W-4 G-3 — 20 Rectangular 36.0 0.15
(63) (90/10)  (35)
Ex. 66 — Ab-281 S-1/8-2 B-121 AM-38 W-4 G-1 — 23 Rectangular 36.0 0.20
(83) (80/20) (15)
Ex. 67 — Ab-282 S-1/8-2 B-181 AM-5 W-3 G-1 G-4 15 Rectangular 36.0 0.20
(63) (50/50)  (35)
Ex. 68 Aa-1 Ab-283 S-1/8-2 B-180 AM-15 W-2 G-2 — 20 Rectangular 38.0 0.15
10) (68) (60/40)  (20)
Comp. Ex.9 — Ab-97 S-1/8-2 B-149 N-3 W-4 G-3 — 35 Tapered 52.0 0.05
(63) (90/10)  (35)
Comp. Ex. — Ab-245 S-2/8-1 — N-1 W-1 G-1 — 35 Tapered 54.0 0.05
10 (98) (90/10)
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From the above-described results, it can be found that the
composition of the present invention can find appropriate
application as for a lithography process in the productionof'a
variety of electronic devices such as semiconductor elements
and recording media.

What is claimed is:
1. An actinic ray-sensitive or radiation-sensitive resin com-
position comprising:

a nitrogen-containing compound, and

a resin (Ab) capable of varying a polarity thereof by the
action of an acid,

wherein the nitrogen-containing compound is a compound
having at least one amino group formed by bonding one
or two hydrogen atoms to a nitrogen atom, and

at least one hydrogen atom of the one or two hydrogen
atoms is substituted by an —S—R; group or an —S(O)
R, group,

wherein R is selected from the group consisting of an alkyl
group, a cycloalkyl group, an alkoxy group, an acyl
group, an acyloxy group, a halogen atom, a cyano group,
a silicon atom-containing organic group, an aryl group,
an aryloxy group, an aralkyl group, an aralkyloxy group,
a hydroxy group, a nitro group, a sulfonylamino group,
an alkylthio group, an arylthio group, and an aralkylthio
group.

2. The composition according to claim 1,

wherein the resin (Ab) capable of varying an alkali solu-
bility thereof by the action of an acid.

3. The composition according to claim 1,

wherein the nitrogen-containing compound is represented
by either the general formula (N1) or (N2),

[Chem. 1]
(ND)
Ry
\
N—S—R;
Ry
(N2)
Ry
\
N—S—R;
Ry

wherein in the general formulae (N1) and (N2),

R, and R, each independently represents a hydrogen atom
orasubstituent, provided that a case where R | and R, are
hydrogen atoms at the same time is excluded; further, R,
and R, may be bonded to each other to form a ring
together with a nitrogen atom in the formula, and

R; is selected from the group consisting of an alkyl group,
a cycloalkyl group, an alkoxy group, an acyl group, an
acyloxy group, a halogen atom, a cyano group, a silicon
atom-containing organic group, an aryl group, an ary-
loxy group, an aralkyl group, an aralkyloxy group, a
hydroxy group, a nitro group, a sulfonylamino group, an
alkylthio group, an arylthio group, and an aralkylthio
group.

4. The composition according to claim 3,

wherein R | and R, in the general formula (N1) and (N2) are
bonded to each other to form a ring together with a
nitrogen atom in the formula.

5. The composition according to claim 1,

wherein R; comprises an acid-decomposable group.
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6. The composition according to claim 1,

further comprising a compound capable of generating an
acid by irradiation with actinic rays or radiation.

7. The composition according to claim 1,

wherein the resin (Ab) contains a repeating unit (B) com-
prising a structural portion capable of generating an acid
by irradiation with actinic rays or radiation.

8. The composition according to claim 1,

further comprising a resin (Aa) containing at least any one
of fluorine atoms and silicon atoms.

9. The composition according to claim 1,

wherein the resin (Ab) contains at least one kind of repeat-
ing unit represented by the general formula (A),

[Chem. 2]

A)
—¢CH,—CH-—

7
som— |

N

(O

wherein the general formula (A),

n represents an integer of 1 to 5 and m represents an integer
of 0 to 4, satisfying the relationship of 1=m+n<5,

S, represents a substituent,

in the case where m is 2 or more, a plurality of S, ’s may be
the same as or different from each other.

10. The composition according to claim 9,

wherein the resin (Ab) at least contains a repeating unit
represented by the following formula as the repeating
unit represented by the general formula (A):

[Chem. 3]
—CH,—CH-—.

OH

11. The composition according to claim 1,

wherein the resin (Ab) contains at least one kind of the
repeating units represented by the general formulae (A1)
and (A2),

[Chem. 4]

(AD)
—CH,—CH-—

(A2)

—tCH,—CH—

CO,—A;

wherein the general formula (A1),

n represents an integer of 1 to 5 and m represents an integer
of 0 to 4, satisfying the relationship of 1=m+n<5,

S, represents a substituent, and in the case where m is 2 or
more, a plurality of S, ’s may be the same as or different
from each other,
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A, represents a hydrogen atom or a group capable of leav-
ing by the action of an acid; however, at least one A,
represents a group capable of leaving by the action of an
acid,

in the case of n=2, a plurality of A, ’s may be the same as or
different from each other; and

wherein the general formula (A2),

X represents a hydrogen atom, an alkyl group, a hydroxyl
group, an alkoxy group, a halogen atom, a cyano group,
a nitro group, an acyl group, an acyloxy group, a
cycloalkyl group, a cycloalkyloxy group, an aryl group,
a carboxy group, an alkyloxycarbonyl group, an alkyl-
carbonyloxy group, or an aralkyl group,

A, represents a group capable of leaving by the action of an
acid.

12. The composition according to claim 3,

wherein the resin (Ab) contains at least one kind of the
repeating units represented by the general formulae (A1)
and (A2),

[Chem. 5]

(AD)
—¢CH,—CH-—

(A2)

—CH,—Co—
CO,—A,
wherein the general formula (A1),

nrepresents an integer of 1 to 5 and m represents an integer
of 0 to 4, satisfying the relationship of 1=m+n=5,
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S, represents a substituent, and in the case where m is 2 or
more, a plurality of S, ’s may be the same as or different
from each other,

A, represents a hydrogen atom or a group capable of leav-
ing by the action of an acid; however, at least one A,
represents a group capable of leaving by the action of an
acid,

in the case of n¢2, a plurality of A ’s may be the same as or
different from each other; and

wherein the general formula (A2),

X represents a hydrogen atom, an alkyl group, a hydroxyl
group, an alkoxy group, a halogen atom, a cyano group,
a nitro group, an acyl group, an acyloxy group, a
cycloalkyl group, a cycloalkyloxy group, an aryl group,
a carboxy group, an alkyloxycarbonyl group, an alkyl-
carbonyloxy group, or an aralkyl group,

A, represents a group capable of leaving by the action of an
acid.

13. The composition according to claim 1, which is used

for EUV exposure.

14. An actinic ray-sensitive or radiation-sensitive film

formed using the composition according to claim 1.

15. A pattern forming method comprising:

a step of forming a film using the composition according to
claim 1;

a step of exposing the formed film; and

a step of developing the exposed film.

16. The pattern forming method according to claim 15,

wherein exposure is carried out using EUV.

17. The composition according to claim 1,

wherein R is an alkyl group, a cycloalkyl group, or an aryl
group.

18. The composition according to claim 1,

wherein R; is an alkyl group or an aryl group.

#* #* #* #* #*



